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SHORTAGE OF ENOINEKRS AND SCIENTISTS 



Tl KSDAY, MAY S, 1990 

U.S. Sknatk, 

COMMin-KK ON COMMKH('K, ScMKNCK, AND TRANSPORTATION, 

SUBCOMMITTKK ON ScMKNC'K, TkC'HNOLOGY AND SvACK. 

Washington. DC. 

The subcommittee met, pursuant to notice, at 10:04 a.m., in room 
SR-2r);^, Russell Senate OlTice Building, Hon. Albert Ciore, Jr„ 
[chairman of the subcommittee] presiding. 

Staff members assigned to this hearing: Mike Nelson, profession- 
al staff member and Fiona Branton, minority staff counsel, 

opkmm; statkmknt by senator (;()RK 

Senator Gore. Good morning. Today, the Science Subcommittee 
will examine an issue that should concern anyone who cares about 
the state of American science and technology, namely the training 
of the next generation of scientists and engineers. Over the past 
few years, report after report has predicted that our country will 
not have enough qualified scientists and engineers to meet the sci- 
entific and technological challenges of the next century. This issue 
has come up at almost every Subcommittee hearing that I have 
chaired during the last two years, whether the hearing was on 
NASA, global change research, computer research— whatever the 
field— someone has inevitably raised the que?-' 'nn, are we going to 
have the talent needed to do the job, 

At a hearing last year. Dr. James Fletcher, ^''en Admmistrator 
of NASA, testified that 70 percent of the senior executives at 
NASA and 45 percent of the entire staff at NASA was eligU)le for 
retirement. Over the next 10 years or so. these people will have to 
be replaced if NASA is to fulfill its mission. The situation is similar 
at the Department of Energy, at the national labs, at other Federal 
agencies, and yet we are seeing fewer and fewer students interest- 
ed in pursuing careers in science and engineering. 

Our universities are facing a wave of retirements in the next few 
years as the tens of thousands of professors hired after Sputnik 
start to retire. These retirements will come just as the children of 
the babv boomers start to enter college, increasing college enroll- 
ments and creating a need for new faculty. It typically takes 10 to 
12 years for a college nv.shman to earn a Ph.D, so the Ph.Ds who 
will replace those retiring professors are in college right now. 

We have to find ways to nurture students and encourage them to 
pursue advanced degrees in science and engineering. If we do not, 
American colleges and universities will lack the qualified faculty 



ERIC 



2 



thev need to teach future generations of students, to do research 
and to teach the elementary and secondary science and math 
teachers this Nation needs. The entire science education infrastruc- 
ture could be endangered as a result. 

Perhaps the most serious consequences of the projected shortfall 
of scientists and engineers would be felt by American industry. 
Computer companies, aircraft manufacturers and other high tech 
companies hire thousands of scientists and engineers each year, 
and so do construction companies, steel companies, investment 
firms and State and local governments. There are very few compa- 
nies that can afford to ignore science and technology. That would 
be like committing corporate suicide these days. If a company does 
not keep up with technology, it cannot hope to keep up with the 
competition. 

Yet still, students are showing less, not more, inu: -est in science 
and engineering. According to Dr. Alan Bromley, .he President s 
science advisor, surveys of college freshman show t: at in the last 
four years there has been a one-third drop in the num.ber of fresh- 
men intending to pursue careers in science and engineering, a one- 
quarter drop in the number of freshmen intending to major in 
mathematics and physics, and an alarming two-thirds drop in the 
number of freshmen planning to major in computer science. There 
have been dozens of reports documenting the need to increase the 
number of people going into science and engineering. 

So at today s hearing we will examine what we need to do about 
this. Hundreds of policy recommendations have been made, and 
most of them cost money. Clearly, in this era of tight budgets we 
cannot implement all of these recommendations. Thus, the Con- 
gress will have to make some difficult choices about the way we 
support science and engineering in this country. As we set prior- 
ities within the NSF budget, we have to determine how much 
money is needed for NSF science and engineering education pro- 
grams and how much is needed for NSF research programs. What 
are the trade-offs here? 

In recent years. Congress has provided major increases for NSF's 
education programs, especially for elementary and secondary sci- 
ence education. The research programs have not done as well. Re- 
search budgets are tight, and excellent grant proposals unfortu- 
nately are being turned down. University researchers are as a 
result grovving increasingly frustrated. Small science seems to be 
under particularly harsh pressure. This is having an impact on the 
training of new scientists and engineers. Undergraduates and esp^^- 
cially graduate students see the tight research budgets, the rejected 
proposals, their professors' frustration, and more and more often 
they are opting to change their career plans. 

At today's hearing, we will try to determine the proper balance 
between education programs and research programs at NSF. We 
will also examine where the Federal Government should focus its 
efforts to increase the number of scientists at the elementary and 
secondary level, at the undergraduate level, at the graduate level. 
Finally, we have to determine the proper distribution of NSF re- 
search and education program funding. 

Most of the university research done in this country is done at 
about 100 large top-fiight universities and institutions. Consequent- 
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ly, these schools receive the majority of NSF funding and train 
niost of our Ph.Ds in science and engineering. However, other 
smaller undergraduate schools play a key role as well. Half the 
Ph,Ds awarded in the U,S, go to students who did their undergrad- 
uate work at smaller four-year colleges or universities devoted not 
to research primarily but to education. Should NSF' and other P'ed- 
eral agencies be providing more funding to these schools? 

The Congress and NSF have been struggling with these issues for 
many years, but the issues are becoming more pressing. We need 
action soon. More and more, America's competitiveness depends di- 
rectly on the men and w^omen who are developing and applying 
new technologies. Our health depends on researchers finding new 
ways to cure disease. The quality of our environment depends on 
scientists and engineers finding new ways to protect the planet's 
ecosphere. So many of the questions we face today require scientif- 
ic and technological answers. We need to ensure that we have the 
men and women trained adequately to provide those answers. 

Now, we have got a real good witness list today— one witness 
alone and then a panel of three— and our first lead-off witness is 
Eric Bloch, who has been Director of NSF for almost six years now. 
He is an electrical engineer by training, and before coming to NSF 
worked at IBM, where he helped to create the first commercially 
successful mainframe computer. He is a frequent witness before 
our Subcommittee, and a personal friend, and I am delighted to 
welcome you again, Mr. Bloch, Without objection, your entire pre- 
pared remarks will be inserted in the record in full and v/v invite 
you to proceed as you see fit, 

I do w^ant to say for the record that although many witnesses at 
hearings over the years have focused the attention of this Subcom- 
mittee on this subject, I want to acknowledge the key role that 
your advice and counsel has played in the thinking of our Subcom- 
mittee in deciding to make this one nf our top priorities, because 
the time has indeed come to not simply talk about it, but take 
some constructive action to deal w^th this problem, and I appreci- 
ate the sustained attention you have given to it, and w*e look for- 
ward to hearing you today. 

Senator Hasten do you wish to make a statement? 

OPKMNC; STATKMKNT HY SKNATdR K,ASTKN 

Senator Kastkn. Mr. Chairman, I am pleased that we will todiiy 
be focusing on what could be a devastating shortage of scientific 
personnel at a time that this country will need them the most. 
With the globalization of the world's economies. America's stu- 
dents, universities and industry must have the training >iti the sci- 
ences that will support our economic growth. 

(liven the strong link betw^een technological achivement and eco- 
nomic growth, which is needed to support our standard of living, 
let me state my strong commitment to avoiding a possible future 
scientific manpower shortage. 

We could be facing a shortage of crisis proportions if govern- 
ment, the private sector and academia do not work together to 
produce the scientists and engineers of the future. 



ERLC 



4 



4 



It's time for us to take up the President's challenge for American 
students to be first in the world in science and mathematics 
achievement by the year 2000. Unfortunately, as Director Bloch 
points out, current international comparisons of the science and 
math performance of our students routinely place us toward the 
bottom, of the list, 

I am pleased that today we will be hearing from University of 
Wisconsin Chancellor Donna Shalala, in addition to our other dis- 
tinguished witnesses, I would like to v/elcome her to the committee 
and commend her for her fine statement pointing out the problems 
challenging the nation in developing tomorrow's scientific leaders 
and integrating them into the scienctific community, I would also 
like to commend you Mr, Chairman, and staff, for inviting the dis- 
tinguished administrator of one of America's premier teaching and 
research institutions. The problem facing us is multi-faceted, from 
teacher and university faculty training and retention, to student 
recruitment, to curriculum and facility improvements. 

Much needs to be done. The Administration's plan to double the 
NSF budget by 1993 is a step in the right direction, and I support 
this move which would triple the educational portion of the NSF 
budget. The states and local school districts also have t'^ be a part 
of the solution, in finding new and innovative ways to interest our 
young people in the sciences and translate that interest into career 
choices, 

I am proud of Wisconsin's leadership role in being ninth in the 
country in awarding 536 new science and engineering doctorates in 
1988, and in ranking 12th in academic research and developing per- 
formance, NSF has played a role in this, making 300 awards total- 
ling almost $27 million in Wisconsin in support of research in 
Fiscal Year 1989. Last year the NSF also funded 52 fellowships in 
Wisconsin covering the tuition and a stipend for qualifying stu- 
dents. 

Finally, all programs in this area have multiple benefits. As Cha- 
cellor Shalala outlines in her testimony, the Institute for Chemical 
Education — founded at the University of Wisconsin— is working to 
improve the teaching and curriculum of our secondary student^. 

Though 1()00 teachers have been directly impacted by this excel- 
lent program, the benefit can be multiplied by each and every stu- 
dent with whom these teachers come into contact, 

^ look forward to hearing from our witnesses today and working 
with you, Mr, Chairman, so that the dire predictions of the man- 
power shortage do not come to pass. 

Senator Gore, Thank you Senator Hasten, 

Senator Pressler do you have a statement? 

()PKMN(; STATKMENT BY SENATOR FKESSLER 

Senator Presslkr. Mr. Chairman, thank you for callin,.: this 
hearing today. I am very concerned, as you are, about the future of 
science and engineering manpower in this country. 

Investment in science and engineering research and education is 
essential to the nation's economic future, national security, health 
care, and environmental well-being. We rely on scientists and engi- 
neers to discover new knowledge, invent new products, design more 
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efficient processes, and develop solutions to an increasing number 
of complex social and environmental problems. However, in recent 
years the number of American students receiving graduate degrees 
in science and engineering has dropped precipitously. In engineer- 
ing, more than half the graduate students are foreign born. 

Where will the engineers and scientists we need for the future 
come from? Who will design our computers, telecommunications 
systems, space vehicles, and satellites? Who will develop new agri- 
cultural products to meet the challenges of an increasing world 
population and changing climate? Who will invent new vaccines to 
comb.nt AIDS and other life-threatening diseases? 

To meet the increasing demands of the 21st century, we neeH t j 
increase the number of U.S. citizens who are studying science a;:d 
engineering as undergraduates, and we need to encourage them to 
stay on to obtain graduate degrees. We can do this by providing 
better information about the market for scientists and engineers, 
so young people will be able to make rational career decisions. And 
we can increase the amount of financial support available for grad- 
uate work from the National Science Foundation through its grad- 
uate research fellowships and stipends. 

We also need to broaden the base of science, without sacrificing 
the excellence of existing research. A broad base will involve more 
people in science, and realistically reflect the distribution of scien- 
tific achievement in the United States. The so-called second-tier 
schools educate over half the science and engineering baccalaure- 
ates. 40% of the students later receive graduate degrees. Expand- 
ing this base will benefit the university community and the coun- 
try. Federal funds should not be concentrated in only a few institu- 
tions with the benefits accruing to only a few states. Instead, feder- 
al funds should be widely distributed to encourage competition and 
to ensure that all areas of the country realize the benefits of sci- 
ence education. 

Other nations have recognized the imf)ortance of a skilled and 
trained scientific and engineering workforce to economic productiv- 
ity and national well-being. They are expanding their investments 
in science and technology, including educating their young people, 
to meet the challenges of the next century. I hope that we in the 
United States will adopt a similarly long view when considering 
how to allocate our scarce budget resources. 

Thank you, Mr. Chairman. I look forward to the testimony of 
today's witnesses. 

Senator Gork. Thank you. Now we will hear from Mr. Bloch. 

STATKMKNT OF ERIC H BL()(*H, DIRFA TOR, NATIONAL S( IKN( K 

FOINDATION 

Mr. Bloch. Thank you very much, Mr. Chairman, and thank you 
for your kind words, and I appreciate the opportunity to testify 
before this committee. 

1 particularly want to commend this committee and your person- 
al strong and consistent support for basic research and education 
and training. At a time when this nation faces many problems with 
respect to its economic competitiveness, the development of a tech- 
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nical work force and a scientifically literate public are vital to 
meeting the challenges of a global economy. 

This committee and you, Mr. Chairman, are well aware of the 
problems we face in science, mathematics and engineering educa- 
tion in this country pervade all levels of the educational process. In 
fact, you mentioned a number of the indices that give us that much 
concern. Let me mention a few also. 

Our primary and secondary schools do not provide adequate 
preparation in science and mathematics. Among college students, 
interest in the sciences and engineering has been declining and 
only 15 percent of entering freshmen plan to major in the natural 
sciences or engineering in 1988 compared with about 20 percent 20 
years earlier. 

Bachelor's degrees awarded in the natural sciences and engineer- 
ing in 1988 have declined 3 percent from the previous year. In com- 
puter sciences alone the decline is almost 13 percent. 

At the graduate level we are not producing the number of scien- 
tists and engineers that we will need to meet the challenges of a 
competitive world economy in the years ahead. We would be in a 
shortage position today in many critical disciplines for Ph.D.'s if it 
were not for foreign students pursuing doctoral degrees in this 
country and entering our marketplace. 

As the college age population declines through the beginning of 
the next century, this situation will worsen. Equally important, 
women and minorities are becoming a larger part of the labor force 
and both have historically low participation rates in the sciences 
and in engineering. 

At the recent education summit President Bush and the gover- 
nors have challenged the nation with an ambitious goal. By the 
year 2000 U.S. students will be first in the world in science and 
mathematics achievement. 

Achieving this goal will require a fundamental change in our 
strategy and indeed in our culture. As we proceed, there is under- 
standable frustration at the pace with which education reform is 
realized. However, quick fixes by not addressing the need for long- 
term commitment and persistence are suspect. Our educational 
system is diffuse, and it is decentralized with the primary responsi- 
bility located at the state and local level. Nevertheless, it was made 
clear by President Bush and the governors that our success in im- 
proving the performance of our students depends on contributions 
from all institutions, private and public, state and local, Federal 
and on a commitment from every parent, every teacher, adminis- 
tration and student. 

The National Science Foundation has a dual mission in research 
and in education, as you so aptly pointed out a few minutes ago, 
and NSF programs underscore the interdependence of these two ac- 
tivities and the mutually enriching nature of their relationship. 
The foundation s activities with respect to education are based on 
the premise that high quality education in science, engineering, 
mathematics and technology must be available at every education 
level. Only in this way can We prepare all students for a future in 
an increasingly technological world. NSF's programs in education 
are designed to be leveraged, to serve as models and examples and 
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to encourage cooperation among all those who play a role in the 
educational process, 

I have a number of figures and graphs that I distributed to you. 
Please refer to the first one labeled *Tre-college Activities." What 
you see here is essentially how we have progressed since 1982 in 
the funding of pre-college activities. I want to place it in context. 
Let me mention that in 1982 most NSF pre-college programs were 
phased out with funding down below the $4 million level. NSF s 
educational support was limited primarily to the graduate level in 
that year. 

Since that time, as you can see on the next chart labeled "Educa- 
tion and Human Resources/' the National Science Foundation has 
dramatically increased support for education at all levels from $34 
million or 8 percent of our budget in 1982 to $8r)7 million or 17 per- 
cent of the total in 1990. For 1991 NSF has requested an increase 
of 30 percent in this area to a level of $468 million or 20 percent of 
the total foundation budget. 

As a result of NSF programs the number of students supported 
by NSF at all levels has about tripled since 1982 as you can see on 
figure number or graph number 3, where you see the progression 
since 1982 and also the category of support that we are giving to 
various groups and students as well as principal investigators. 
These increases are significant, not only in the NSF context, but 
within the broader Federal context as well. In the President's 1991 
budget NSF represents about 45 percent of the total Federal invest- 
ment in piograms specifically targeted on science and engineering 
education and human resources. This is, in fact, the fastest growing 
part of our budget, as you can see from the last figure, "Major 
Theme Comparisons" where we are showing you essentially the 
last five years of progression in this area. While the administration 
has a commitment to doubling NSF's overall budget by 1993, the 
educational portion of our overall budget would be tripled by that 
year. 

As mentioned before, we need to be concerned about the total 
educational process, and we are. At the pre-college level NSF sup- 
ports projects for innovative pre-service and in-service teacher edu- 
cation. It also supports the development of new and high quality- 
instructional materials and the application of advanced technol- 
ogies to classroom activities. Our programs encourage alliances 
among scientists and engineers, colleges and universities, local 
teachers and schools through our private sector partnerships pro- 
gram. They also recognize the efforts of the very best elementary 
and secondary mathematics and science teachers in supporting im- 
provement of teaching materials. We have involved the publishing 
industry in contributing resources and work with schools, school 
districts and academic curriculum development teams all across 
the nation. With the objective of stimulating student interest, our 
Young Scholars Program annually supports close to r),{){)0 high 
school students in real research experiences. 

Our strategy with respect to undergraduate education is similar. 
Our total effort in this area is $90 million in 1990 and is scheduled 
to increase $48 million to $134 million in 1991. Our programs facili- 
tate the acquisition of research instrumentation to improve labora- 
tory instruction, make research experiences available to under- 
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graduates, enhance faculty competence in undergraduate institu- 
tions and improve courses and curricula for all kinds of students, 
not just those intending to pursue technical careers. 

These programs serve not only four-year and doctoral institu- 
tions but two-year and community colleges as well, both by means 
of their direct participation and by their use of materials developed 
in our curriculum or laboratory development activities. 

At the graduate level the Foundation's activities are devoted spe- 
cifically to training technical personnel for the nation's critical 
technical and research activities, be they in academia, government 
or industry. A trio of graduate fellowship programs, the regular 
program, women in engineering and minority fellowships provides 
support to nearly 3,000 of the nation's ablest graduate students 
every year pieparing for careers in the sciences and engineering. 
NSF's research grants support an additional 12,000 graduate stu- 
dents working with principal investigators, and at the post-doctoral 
level several programs are designed to meet the needs of our uni- 
versities for qualified faculty. 

A critical element of all NSF programs is the strong concern for 
increasing the participation of underrepresented groups — women, 
minorities and the disabled — in the sciences and engineering. With- 
out substantial improvement in this area the nation will be seri- 
ously handicapped in its efforts to meet the challenges of the 
highly competitive global economy. 

Our career access program in the science and engineering educa- 
tion directorate supports efforts to increase the entry of women, 
minorities and the disabled into science, mathematics and engi- 
neering courses and programs and to encourage them into scientif- 
ic careers. This program includes support for comprehensive re- 
gional centers which focus on increasing the pool of minorities pre- 
pared for further course work and careers in technical areas. 

Two new programs included in our l!)i)l request will strengthen 
NSFs efforts with respect to underrepresented groups. First, facul- 
ty awards for women will recognize and support outstanding 
women in science and engineering. And the alliances for minority 
participation program by focusing on problems such as retention, 
support and inadequate student preparation will encourage under- 
graduate minority students to complete their B.S. degrees and to 
pursue graduate studies. 

Cooperation among various parts of society is critical. This is a 
rationale for new statewide systemic initiative recently announced 
in conjunction with the National Governors Association. Its pur- 
pose is to catalyze the systemic comprehensive changes necessary 
for major improvements of the teaching and learning of science 
and mathematics at all educational levels. The program involves 
teachers, the business community, the state and local education en- 
tities, and the Federal research laboratories as appropriate and, in 
particular, the Eisenhower program of the Department of Educa- 
tion. 

Cooperation is also a central feature of our li)i)l proposal to initi- 
ate the alliances for minority participation program. Thi.s program 
will involve a wide range of participants in government, industry 
and the schools and universities in innovative alliances to improve 



participation of minorities in the nation's science and technology 
enterprise. 

Cooperation is also an important objective within the govern- 
ment. In March Dr. Allan Bromley, Assistant to the President for 
Science and Technology, sent to Congress a congressionally man- 
dated report on coordination between NSF and the Department of 
Education. The report spells out a series of specific areas of formal 
coordination that we have established with the Department. 

While NSF and the Department of Education have well estab- 
lished roles with respect to science and engineering education, 
other agencies have significant contributions to make as well. 
NASA and the Department of Energy are responding to the need 
for a comprehensive national effort in this area by increasing the 
focus on education. 

On a broader level, as Chairman of the Federal Coordinating 
Council on Science, Engineering and Technology, Dr. Bromley has 
created a committee on human resources and education. Congress 
has been highly supportive of improving science and engineering 
education in this country, and the consequences of this commit- 
ment are clearly visible in the strong increases in NSF support for 
education and human resources. 

Congress can also contribute to this process by improving coordi- 
nation among committees with oversight responsibilities for mathe- 
matics and science education and by paying closer attention to the 
strengths of the respective agencies as a basis of their own pro- 
grams and of cooperative activities. 

One of the moDt important contributions Congress can make is in 
the area of forbearance. As indicated earlier in this testimony, the 
Foundation s flexibility to innovate and to pursue excellence has 
been fundamental to the effectiveness of its programs and needs to 
be preserved. 

In conclusion, Mr. Chairman, NSF has a compelling responsibil- 
ity to provide national leadership for developing a comprehensive 
strategy for mathematics and science education in the USA. To 
this end, the Foundation is supporting innovative approaches to 
stimulate reform across the entire educational spectrum. As NSF 
continues to provide strong and sustained leadership and continued 
investments, we will work with other Federal agencies, the private 
sector, the state and local governments to improve the quality and 
effect ivene^ss or a nationwide educational effort. Thank you, Mr. 
Chairman. 

[The statement follows:] 
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ERICH BLOCH 
DIRECTOR, NATIONAL SCIENCE FOUNDATION 
TESTIMONY 
U.S. SENATE 

COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION 
SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE 
MAY 8, 1990 



Mr. Chairman, I appreciate the opportunity to testify before this 
Committee on the subject of science, mathematics, and engineering 
education. At a time when this Nation is facing many pressing 
problems with respect to its economic competitiveness, the 
development of a technical workforce and a scientifically 
literate public is vital to meeting the challenges of a knowled- 
ge-intensive global economy and technological change. 

I particularly want to commend this Committee's strong and 
consistent support for basic research and for its interest in the 
broad range of issues, including education and training, that 
affect the productivity of our research system and the competence 
of our science and engineering workforce. 



Education and Human Resources; A National Concern 

Since this Committee is well acquainted with the status of 
science, mathematics, and engineering education in this country I 
need not dwell in detail on the problems we face. However, it is 
important to stress that these problems are not limited to one 
stage of the educational process; they pervade all levels. 

0 We have serious problems at the precollege level. Many of 
T:he Nation's high schools offer a poor selection of science 
and mathematics courses and, too frequently, the courses 
offered provide our students with poor preparation. 
International comparisons of the performance of students in 
the sciences and mathematics routinely place Americans 
toward the bottom of the list. 
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0 Interest in the sciences and engineering among students has 
been declining. Only 15 percent of entering college 
freshmen planned to major in t'uc natural sciences or 
engineering in 1988, compared to 20 percent in 1966. 

0 Our most recent data show that bachelor's degrees awarded in 
the natural sciences and engineering in 1988 have declined 3 
percent from the previous year. In computer sciences alone, 
the decline is almost 13 percent. 

0 At the graduate level, we are not producing the number of 
scientists and engineers that we will need to meet the 
challenges of a competitive world economy in the years 
ahead. 

0 In critical disciplines, the number of doctorates would be 
much lower if it were not for foreign students. In 
engineering and mathematics, for example, foreign students 
constitute over 50% of doctoral recipients. 

Demographic trends are likely to aggravate this situation through 
the beginning of the next century. For one thing, the college 
age population is declining. Equally important, women and 
minorities two groups with historically low participation 
rates in the sciences and engineering are becoming a larger 
part of the labor force. 



Roles and Responsibilities 

Our educational system is diffuse and decentralized, with the 
primary responsibility located at the state and local level. It 
is, therefore, at the state and local level that our national 
effort must be directed. Nevertheless, as was made clear at the 
recent education summit between President Bush and the governors 
and affirmed at the meeting of the National Governors' Associa- 
tion in February, our success in improving the performance of our 
students depends on contributions from all institutions, state, 
local, and Federal, public and private. It also depends on a 
commitment to excellence in achievement on the part of every 
parent, teacher, administration, and student. 

With respect to science and mathematics education. President Bush 
and the governors have challenged the Nation with an ambitious 
goals : 

"By the year 2000, U.S. students will be first in the world 
in science and mathematics achievement." 

Achieving this goal will require a fundamental transformation of 
our assumptions, our strategies, our habits, and, indeed, our 
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culture to produce a durable transformation of the educational 
process, emphasizing excellence, continuity, and coherence, in 
today's competitive climate, we cannot afford an intermittent 
commitment, as was the case during the Sputnik era, to insure the 
availability of a competent technical work force, 

Throughout thr Nation, there is understandable frustration at the 
pace with which education reform is realized. However, quick 
fixes that fail to take into account the complexity and diffuse- 
ness of our educational system and the necessary involvement of 
the Federal, state, and local governments, parents, local school 
boards, businesses, and communities are suspect, not desirable, 
and not believable. 

The National Science Foundation is strongly committed to 
exercising strong leadership with respect to improving the 
science and mathematics competence of our students and increasing 
the number and overall quality of our technical workforce. 
Furthermore, in this area, NSF performs a unique and strategic 
role. It is charged with improving and strengthening the 
national capacity for research in the sciences, mathematics, and 
engineering. NSF has a similar charge with respect to excellence 
in science, mathematics, and engineering education. Finally, it 
has a responsibility to monitor the health and quality of our 
achievement and performance in these areas. 

This dual mission in research and education underscores the 
interdependence of research and education in this country, a 
unique arrangement that has resulted in the development of an 
enormously creative and productive research enterprise. Our 
research and education programs are pursued, therefore, in a 
complementary and synergistic manner. Specifically our education 
mission includes: 

(a) precollege mathematics, science and technclogy education; 

(b) undergraduate science, mathematics, and engineering 
education; and 

(c) the other components of the science and engineering (S&E) 
process, including the maintenance of the S&E personnel 
essential to the nation's research capabilities through 
graduate fellowships and post graduate activities, and 
broadening participation by underrepresented groups and 
institutions . 

The development of our technical talent pool and the enhancement 
of science literacy are NSF's highest priority, and Foundation 
programs are designed to address both the qualitative and 
quantitative deficiencies manifest at all critical points in the 
educational process. 

NSF activities are based on the premise that high quality 
education in science, engineering, mathematics, and technology 
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must be available at every educational level • Only in this way 
can we prepare all students for citizenship in an increasingly 
technological world and enable them to make intelligent choices 
about their advanced studies and careers • 

NSF's role is to provide leadership and expertise and to serve as 
a citftlYGt in our national effort to introduce changes end 
improvements in our educational institutions. Our efforts in the 
educational ar*>a are designed to be leveraged, to serve as models 
and examples, and to encourage cooperation among all those who 
play a role in the educational process. The Foundation focuses 
its energies on initiatives of special importance and high merit, 
drawing on the advice and expertise of a broad community of 
scientists, educators, and administrators from all levels of the 
educational process* 



History and Policy 

To place NSF's current efforts in context, a historical perspec- 
tive is in order. 

In 1982 based on a perception that many of NSF precollege 
pre -rams in mathematics and science education were unconnected 
and unevaluated, a decision was made to phase out most of them, 
limiting NSF educational support primarily to the graduate level. 
As shown in Appendix 1, the FY19B2 budget for precollege 
education was down to $3.8 million. At the same time, it was 
clear tha^ the Nation's need for an increasingly scientific and 
technical workforce called for a vigorous and well-reasoned plan 
to inprove education in the sciences, mathematics, and engineer- 
ing at all levels. 

NSF through its National Science Board's Education Commission, 
responded to this need with an action plan, "Precollege Education 
in Mathematics, Science and Technology,'* in September, 1983. 
This call for action, one of the first to address the needs at 
the precollege level, was soon followed by another National 
Science Board report in 1986, providing an explicit program plan 
for undergraduate science, mathematics ^nu science education. 

NSF* Long-Range Plan for the period of FYB9-93 and the Strategic 
Plan for FY90-94 articulated the basis for Foundation programs 
in science and engineering education. The latter action plan 
"Enhancing the Quality of Science, Mathematics, and Engineering 
EdCca?ion^n the United States," stipulated the following policy 
and objectives: 

o Expanding excellence in science, mathematics, and engineer- 
ing instructions at all levels, and supporting the accep- 
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tance of higher expectations of student and institutional 
performance; 

o Developing attractive and effective new courses and 

curricula that provide consistent and coherent mathematics 
and science alternatives for consideration by those who 
administer education programs; 

o Increasing the effectiveness of new teachers, faculty 
members^ and supervisors; 

o Developing the means for lowering the science and mathe- 
matics avoidance rates of female, minority, and disabled 
students, and stimulating their interest in scientific and 
technical careers; and 

o Increasing the number of university faculty and researchers 
who give attention and effort to the improvement of science, 
mathematics, and engineering education, not just at the 
undergraduate level, but also, and particularly, at the 
precollege level* 



NSF Activities in Human Resources and Education 

As Appendix 2 shows, the National Science Foundation has 
dramatically increased support for education at all levels, from 
$34 million in FY1982 to $357 million in FY1990. During this 
period, education and human resources increased from 3% to 17% of 
the total budget. For FY1991, NSF has requested an increase of 
30% in this area, to a level of $463 million, or 20% of the total 
Foundation budget. As a result of NSF programs, the number of 
students supported by NSF at all levels has about tripled since 
1983. [See Appendix 3.] 

These increases in support for science and engineering education 
are significant not only in the NSF context, but within the 
broader Federal context as well. In the President's FY1991 
budget, NSF represents about 45 percent of the total Federal 
investment in programs specifically targeted on science and 
engineering education and human resources. Activities aimed at 
improving our human resource base in the sciences and engineering 
constitute 20 percent of the NSF budget. This is. in fact, the 
fastest growing part of our budget. Despite the fact that the 
Foundation received only slightly more than half our total 
requested increase, science and engineering education grew by 23 
percent over FY1989. The Administration has a commitment to 
doubling NSF's overall budget by 1993. The educational portion 
of our overall budget, however, would be tripled by that year. 
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Strategy 

The overall strategy that guides our efforts is that the 
educational process is a series of Interdependent and Intercon-* 
nectod stages, with links from pre-school through Grade 12, to 
undergraduate and to graduate study* The actions we take to 
influence the educational process at each level must recognize 
its unique Importance and the Inherent differences and needs that 
exist within each level while recognizing the relationship to and 
impact on other levels* 

Our programs are designed to be catalytic and to leverage the 
finite resources available* They are also designed to address 
specific problems, opportunities, and needs central to the 
improvement of mathematics, science, technology and engineering 
education and training of students, teachers, and faculty at all 
levels. An important aspect of NSF's programs is special 
emphasis on underrepresented groups, institutions, and localiti- 
es, such as urban school districts thLt require special focus and 
support. 

NSF's overriding goal is to insure that the educational process 
stimulates the interest of students in the sciences and engineer- 
ing, thereby assuring that the Nation has the scientists and 
engineers, the technically literate workforce, and educated 
public it needs for the decades ahead. 



Programs; Support at all Levels: 

NSF programs are significant not just for the level of the 
commitment they demonstrate, but also for the breadth of their 
support for all levels of the educational process, as shown by 
Appendix 4. 



Precollege level: 



At the precollege level, NSF supports innovative and model- 
building projects in teacher inservice education and in the 
preservice education of future teachers. it also supports the 
development of new, high quality instructional materials, the 
process of tea hing and learning, and the application of advanced 
technologies to classroom activities, A full description of 
these programs is provided in Appendix 5. These programs, it 
should be noted, serve all students, not just those who will 
pursue majors and careers in mathematics, the sciences, or 
engineering. 
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We have refocused our tralnlnq and retraining efforts to reach 
greater numbers of teachers. We have provided for the recogni- 
tion of our very best elementary and secondary mathematics and 
science teachers to enhance the status of the profession. We 
have established teacher support networks to improve teacher 
interaction with practicing scientists and engineers. We have 
sttessed the creation of alliances among scientists and en- 
gineers, colleges and universities, and local teachers and 
schools through our Private Sector Partnerships Program. Today ^ 
NSF programs are improving the subject matter competence of 
12,000 elementary and secondary level mathematics and science 
teachers annually, an activity for which the budget has increased 
from $1.1 million in FY1983, to $25 million in FY1985, to $63.7 
million in FY1989, and a request of $89 million for FY1991. 

We have put in place new efforts to improve the materials and 
curriculum used to teach science and mathematics at the elemen- 
tary and secondary level. We are supporting the use of innova- 
tive advanced technologies and materials within our elementary 
and secondary schools. 

Through our informal Science and Mathematics Education Program we 
have been successful in our efforts to involve the publishing 
industry by getting representatives to contribute resources and 
work with schools, school districts, and academic curriculum 
development teams all across the Nation. We have to do a better 
job of getting these new materials into the hands of our school 
systems. NSF's renewed coordination with the Department of 
Education insures increased dissemination of these materials 
through the Department's national Diffusion Network. The NSF 
FY1990 budget for this activity represents a doubling of the 
FY1986 funds. 

We have also put in place programs that focus on stimulating and 
reinforcing the interest of high school students in science and 
mathematics. Our Young Scholars program annually supports close 
to 5000 students in real research experiences to stimulate their 
interest in science and mathematics and to help prepare them for 
the collegiate experience. 

As shown in Appendix 5, these are some of the pieces of the total 
NSF elementary and secondary mathematics and science education 
effort. They represent only part of our strategy. Collectively, 
they emphasize stimulating and supporting a variety of incremen- 
tal changes in educational systems. In our efforts to take a 
broad approach, we experiment and support a wide range of 
strategies that show promise for addressing important aspects of 
the problem. That is why we are investing in diverse projects 
from teacher training, to materials development, to scholarships 
and other science enrichment opportunities for students, to 
informal education activities, such as science museums, televis- 
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ion prog* ami , like Square One , 3-2-1 Contact , and other modes of 
informal mathematics and science education* 

To insure the highest possible effectiveness of our programs, we 
are expanding our support for efforts to improve student, 
teacher, and program ascfessment techniques and instruments. Wo 
regularly encourage states and localities to avaix themselves of 
materials and expertise developed through NSF-funded projects 
when they establish new standards for curricula and assessment. 



Undergraduate education: 

Our strategy with respect to undergraduate education is similar 
to that in the precollege area in its comprehensiveness. All NSF 
Directorates participate in this effort to take advantage of the 
mutually enriching relationship between education and research. 
Some programs are funded and managed entirely in the research 
directorates, and others in the Science and Engineering Education 
Directorate. All are coordinated by the Science and Engineering 
Education Directorate's Division of Undergraduate Science, 
Engineering, and Mathematics Education, Our total effort in this 
area in Fyi990 is $90 million, and is scheduled to increase 46$ 
to $134 million in FY1991, 

Our programs facilitate the acquisition of research instrumenta- 
tion to improve laboratory instruction; make research experien- 
ces available to undergraduates; enhance faculty competence; 
and improve courses and curricula for all kinds of students, not 
just those intending to pursue technical careers. 

These programs serve not only four year and doctoral institu- 
tions, but two year and community colleges as well, both by means 
of their direct participation and by their use of materials 
developed in our curriculum or laboratory development activities. 



Graduate level: 

At the graduate level, the Foundation's activities are devoted 
specifically to training technical personnel for the Nation's 
critical research activities, be they in academia, government, or 
industry. 

0 A trio of graduate fellowship programs the regular 
fellowship program, women in engineering, and minority 
fellowships provides direct support to nearly 3000 of the 
Nation's ablest graduate students preparing for careers in 
the sciences and engineering. These programs are aimed at 
U.S. rationals or permanent resident foreign students^ 
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0 NSF's research grants support an additional 12,000 graduate 
students working with principal investigators, 

0 At the postdoctoral level, several programs are designed to 
meet the need of our universities for qualified faculty. 



Programs Focused on Underrepresented Groups: 

A critical elc^ment of all NSF programs focused on human resources 
and science and engineering education is a strong concern for 
increasing the participation of underrepresented groups, that is, 
women, minorities, and the disabled in the sciences and engineer- 
ing. Demographic trends clearly show that minorities and women 
will constitute a significantly increased portion of the 
workforce. Without substantial improvements in this area, this 
Nation will be seriously handicapped in its efforts to meet the 
challenges of the highly competitive global economy. 

The Foundation has established cross-program efforts to correct 
the underrepresont&tion of women, minority, and disabled students 
in the sciences and mathematics. Two special NSF task forces, 
one on women and another on minorities, submitted reports whose 
recommendations serve as the basis for our current efforts. A 
t^ird task force on the disabled will provide a similar basis for 
o-^tivities to encourage participation within this group as well. 

Our Career Accoss Program in the Science and Engineering 
Education directorate supports efforts to increase the entry of 
women, minorities, and the disabled into science, mathematics, 
and engineering courses and programs and to encourage them into 
scientific careers. it includes support for Comprehensive 
Regional Centers to increase the pool of interested and eligible 
minorities who could become successful scientists and engineers. 
The Centers are comprehensive in their coverage of science, 
mathematics and engineering, in their spanning of educational 
levels, from elementary school through the baccalaureate; and in 
their emphasis on interaction among coopv^rating organizations and 
groups. Additional programs targeting minorities include 
Research Improvement in Minority Institutions, Minority Research 
Centers of Excellence, and Research Careers for Minority 
Scholars. 

Women are encouraged to pursue careers in the sciences and 
engineer and to remain in them through the Research Opportunities 
for Women program, through Visiting Professorships for Women, and 
the Women in Engineering program. 

Two new programs included in the FY1991 request will strengthen 
NSF efforts with respect to underrepresented groups further. 
Fa culty Award s jfor Women will recognize and support outstanding 
women in science and engineering. The Alliance s for Mino rity 
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as retention, 



Participation program, by focusing on problems such as rete 
support, and inadequate student preparation will encourage 
undergraduate minority students to complete their baccalaureate 
Segrels and to pursue graduate studies in science and engineer- 
ing. 



Partnerships and Leveraging: 

Cooperation among various institutions will be critical to our 
success in bringing about a fundamental reform f 
mathematics, and engineering education and cooperative ^^^nge 
u.ants have been built into our programs. One example, mentionea 
earlier, is the Career Access Program. 

we are also creating new programs that will build P«^^"«"^^P^. . 
with States localities, academia, and the private sector. With 
oirFYlggrbudget, NSF will actively pursue broad-based fundamen- 
tal changes at the state and local levels as a <=°";Pi^";«';'^, ^° 
ongoing efforts. We believe these efforts can substantially 
improve elementary and secondary science and mathematics 
education over the long term. 

This is the rationale for our Statewide Systemic Initiative 
recently announced in conjunction with th^ National Governors- 
Association. NSF will work with the States to P^^n and design 
activities that only the States can implement to '''^^"S . , ^ 

major educational change. They will, quite appropriately build 
on man? of the NSF supported teacher training and curriculum 
development projects that are beginning to yield positive 
results. More importantly, the States Initiative has as its 
puS^e cata"zing the systemic, comprehensive changes necessary 
for major improvements of the teaching and learning of ^^i^"" 
and mathematics at all educational levels. The program involves 
teachers the business community, the State and 

entities Federal research laboratories, as appropriate, and in 
particular, the Eisenhower Program of the Department of Educa- 
tion. 




ircrof p scri^^ioratt'endl^g the congressional authorization of 
NSF programs permits the implementation of this Statewide 
S?stem?c initiative. This flexibility enables NSF to stimulate 
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and encourage comprehensive and systemic reforms in strategic and 
innovative ways. 

This strategy to effect fundamental change in education and human 
resources is also evidenced by our FY1991 proposal to initiate 
the Alliance for Minority Participation Program mentioned 
earlier. This program grew out of our realization ^hat, despite 
the many efforts to improve participation of mino.'l^ies in the 
Nation's science and technology enterprise, minorities remain 
severely underrepresented in science and engineering. A more 
strategic approach is needed to attract a significantly larger 
number of minorities into science and engineering. 

However, no single institution, be it higher education, industry, 
or the private sector, is capable of addressing this problem 
alone. There is a need for a collaborative effort among all of 
these participants. This has led to NSF's Alliances program to 
support efforts that concentrate on increasing the number of 
undergraduate and graduate S&E degrees received by minority 
students by the formation of explicit partnerships between NSF 
and other sponsors (e.g., other Federal agencies, S&E industries, 
private foundations, higher education institutions). 

The importance of cooperation pervades our programs at all 
levels. For example, industrial participation has also been a 
significant feature of the undergraduate and graduate educational 
programming at Engineering Research Centers and Science and 
Technology Centers, of the prestigious Presidential Young 
Investigator program, and of our Publishers' Init'ative. 



Cooperation within the Federal Government: 

As is clear from the orientation of all N'SF efforts in science 
and engineering education, cooperation between the Federal 
Government and universities, industry, the states, and local 
communities, is critical to the entire strategy. It is also an 
important objective within the Government, and among Federal 
agencies. 

The National Science Foundation and the Department of Education 
have been working together to improve coordination. The purpose 
of these meetings is to identify specific agency strengths and 
responsibilities, recognize differences in our missions, 
programs, and relationships with other sectors of society, and 
focus on areas of mutual interest, in March, Dr. Allan Bromley, 
Assistant to the President for Science and Technology, sent to 
Congress a congressional ly-mandated report on coordination 
between NSF and the Department of Education. That report also 
spells out a series of specific areas of formal coordination that 
we have established with the Education Department. On an 
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informal level. Secretary Cavazos and I have Joined with Dr, 
Bromley to pursue discussions on how NSF might assist the 
Department of Education in the reauthorization of its mathematics 
and science programs. 

While NSF and the Department of Education have well established 
roles with respect to science and eng.lneering education, other 
agencies have significant contributions to make as well. NASA 
and the Department of Energy are responding to the need for a 
comprehensive national effort in this area by increasing their 
focus on education. As Chairman of the Federal Coordinating 
Council on Science, Engineering, and Technology (FCCSET), Dr. 
Bromley has created a Committee on Human Kesources and Education. 
The Committee, of which Admiral Watkins, the Secretary of 
Education is chairman, and Tel Sanders, Undersecretary of the 
Department of Education, and Luther Williams, NSF Senior Science 
Advisor, are vice-chairmen, will work to reduce program overlap, 
identify areas of need and develop a truly integrated inter- 
agency effort in the area of mathematics and science education. 



Role of Congress; 

Congress has been highly supportive of improving science and 
engineering education in this country and the consequences of 
this commitment are clearly visible in the strong increases in 
NSF support for education and human resources. 

Congress can also contribute to this process by improving 
coordination among committees with oversight responsibilities for 
mathematics and science education, and by paying closer attention 
to the strengths of the respective agencies as the basis of their 
own programs and of cooperative activities. One of the mnst 
important contributions Congress can make is in the arpa of 
forbearance. As indicated earlier in this testimony, the 
Foundation's flexibility to innovate and to pursue excellence has 
been fundamental to the effectiveness of its programs and needs 
to be preserved. 



Conclusion 

NSF has a compelling responsibility to provide national leader- 
ship for developing a comprehensive strategy for precollege 
mathematics and science education in the U.S. To this end, the 
Foundation is supporting innovative approaches to stimulate the 
reforms needed across the entire educational spectrum. As NSF 
continues to provide strong and sustained leadership and 
continuous investments, we will work with other Federal agencies, 
the private sector and State and local governments to improve the 
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quality and of f ectlvenees of a nationwide educational effort. 
Our efforts at the precox lege level show great potential, but In 
the end, It will be up to our Stat^ and local education entitles 
to make the commitment and decisions necessary to Incorporate the 
lessons learned through the efforts supported by the Foundation 
and others. 

In this national effort, we will continue our role as sponsor 
and leader of effort to define national standards for local 
Implementation for mathematics and science education for all 
students at ail levels. This is not business as usual. In fact, 
many features of our programs are significant changes from the 
past — but only where indicated and thoughtfully determined. 



Thank you, mr. Chairman. 1 will be h<^ppy to answer any questions 
you may have. 
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National Science Foundation 
Precollege Activities. FY 1982 - FY 1991 



200 



ISO 

c 

3 

"Sioo 



500 - 



400 — 



500 — 



200 



\00 



0 ' 



Sttitfiti on<l Program Ast««tm«nt 
Voitng Scholar! Progrom 
MoUrio^t 0«v«lppm«i^t ond RoMfch 
Ttoch«f Prtporo^n ond Cnhemccrntnli 



50 




Fvea FYW rre4 rvss rrw i?y«7 fvaa fym fY«ofY0iR«q. 

National Science Foundation 
Education and Human Resources 

~ $463 




rvea fym fys* fvas rvM rt ti rvae ftcd fYWfY«tR«<». 



ERLC 



24 



NATIONAL SCIENCE FOUNDATION 
SUPPORT FOR HUMAN RESOURCES 



rv tMOEMmott 



FY 1M2 AetiMl . , 
(Ttat « a«.*00) / / / 




nr 1991 CMlmott 
(Trtol • 75,500, 



Senior Sci«ntttU 
19,000 f OroduQ't* StutftnU 




t;Kio 



I woo I 



10.100 



0« 

0" 



] 



9.500 



Hi9h Schoof StudtnU 



National Science Foundation 
Major Themes Comparison 

H R999orch ae Focititi«9 £|]U Edueotion k Humon R«fl0urc«9 



rr 1987 
FY 198a 
rv 1989 

nr 1990 
FY i9di 















1 15% 1 








17% 1 








18% \ 









.J. 1. 1 X .1 . . . .* I 

20 40 '50 SO 

Percent of NSF Budget 



100 



O 

ERIC 



25 



Senator Gore, Thank you very much for an excellent statement. 
It was very, very helpful. 

And before I ask any questions I vyant to recognize my colleague, 
Senator Robb, for any remarks he wishes to make. 

Senator Robb. Thank you, Mr. Chairman. I am just here to 
listen. I am only going to be able to stay a few minutes, but I did 
want to hear Mr. Bloch's presentation, and I look forward to re- 
viewing the testimony. 
Senator Gore. Thank you very much, Senator Robb. 
Mr. Bloch, how reliable are the projections of a shortfall of scien- 
tists and engineers? We sometimes hear things so frequently that 
we accept them as holy writ without looking beneath the veneer. 
Demographics and economics are not exact sciences, and manpower 
projections a>*o notoriously difficult to make. Shortages of technical 
talent have been predicted before and sometimes have not materi- 
alized. , 

So, to ask the question a slightly different way, if you were a bet- 
ting man, what kind of odds would you give that there will in fact 
be, without changes in current policy, a serious shortage of well- 
qualified scientists and engineers by the year 
Mr. Bloch. Two to one. 
Senator Gore. Two to one. 
Did you win on the derby last Saturday? 
Mr. Bloch. No, I do not bet on horses; I only bet on people. 
Senator Gore. Okay. u • u • 

Mr. Block. Well, to seriously answer your question, that is obvi- 
ously a great concern to everybody. Let me say at the outset that 
we have not tried to predict what the need is in the future, and 
especially not by disciplines. Because that is really a difficult thing 
to do, and if vou do it you are mostly wrong. 

The way we have tried to assess it is essentially by assuming 
that the production of scientists and engineers, undergraduate and 
graduate, is exactly the same in the future— not an increase and 
not a decrease— and the need for them is not an increase or a de- 
crease, as it was in 15)S4, which we took as our base year. Because 
of the demographics and solely because of the demographics, 
namelv the decline in the 22-year-old population, and with no 
change in the attraction rate of the people and the students gv.mg 
into science and engineering, that a shortfall would exist to the 
tune of roughly (h;"), ()()() people by the year 2()()() or 200:). 

Essentially, we did not attempt to predict the requirements. We 
predicted a steady requirement as it was in H)S4. 

Now I should also tell vou that if you look at what has happened 
over the last five to eight years, in terms of the employment of sci- 
entists and engineers, vou have seen a tremendous growth occur- 
ring. And the growth is, by the way, surprisingly enough, not only 
in the manufacturing industries and in government and in colleges 
and universities, but it is also in the service sector. In tact, the 
growth in the service sector is greater than the growth in the man- 
pfacturing sector. 

The second thing that has happened, however, in the manufac- 
turing sector, is that the peirent of total employment of scientists 
and engineers has increased also. So you have seen two phenome- 
nons. First of a!K a major increase in .scientists and engineers 
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across the whole economy, and second, a higher concentration of 
scientists and engineers iu sectors like the manufacturing sector. 

So I think we have a conservative approach to it when we are 
saying we are going to be short 675,000 people. 

Now the question that you can ask is, well, why do not we 
change the attraction rate in the number of people who pursue sci- 
ence and engineering degrees? And surprisingly enough, if you look 
back 20 years, that rate has been fairly constant. It has not moved 
up and it has not moved down. It has stayed about the same, at 
about the 4.5 percent level. 

So that is one leverage that we have, that we can change that 
attraction rate, but that will not be very simple and that will not 
be very easy. 

For that reason, we are focusing on under-represented groups, 
women, minorities and the disabled, that I mentioned before, be- 
cause those groups have shown a lower attraction rate to science 
and engineering. 

Senator Gore. All right. To summarize and paraphrase what you 
have said, you think we may be making conservative projections of 
this problem because the demand side is not adjusted to reflect 
what could be a dramatic increase in demand? 

Mr, Bloch. That is right. It assumes, essentially, that the 
demand side stays constant and does not go down either, but stays 
constant. And we have seen, not only in industry but in our total 
economy a higher demand for scientists and engineers because of 
the content of what people are dealing with in both the service 
sector and in the manufacturing sector. 

Senator Gore. So, again, to summarize, your response, you are 
pretty confident that this is an extremely serious problem and not 
just a projection that might turn out to be a false alarm? 

Mr. Bloch. Right. 

If I may, Mr. Chairman, let me add one more point to it. If you 
look over the past 20 or -10 years you have seen at times a slacken- 
ing off of the requirement. For instance, in the 198;^-S'l time frame 
you saw chemical engineers who could not find jobs with the de- 
cline in the natural resource industry, for instance. These tempo- 
rary surpluses are being snapped up very quickly, however, over 
relatively few years. We saw the same in the ll)(i()s. 

And while there can be some temporary slackening off and di.s- 
turbances, I think one has to really look at the total picture over a 
longer period of time, like five or 10 years, where really the re- 
quirements have always been on the increase and not on the de- 
crease. 

Senator Gork. Now one of the trends has been a di-aniatic in- 
ci-ease in the percentage of foi*eign nationals receiving post-gradu- 
ate degrees :n science and engineei'ing. And many welcomed the 
influx of talent. In fact, you yourself came to school here in the 
United States at the graduate level. What is your experience? 

Mr. Bloc'H. The undergraduate level. 

Senator Gork. Because you were attracted by the excelleiu-e oi" 
our educational facilities, and I guess for a vai'iety oi' leasons. 

Mr. Bl(K'H. Yes, for a vai'iety of reasons, including opportunity. 
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Senator Gore. Right. At that time, what percentage of your 
fellow students, so many years ago, originated from outside the 
United States? 

Mr. Bloch. I would say very few. I cannot give you a number, 
but I would say very few. By the way, it is so long ago that I do not 
remember, even if I had known it at one time. Very few, whereas 
today we are seeing a different picture. 

By the way, let me make one particular point. At the undergrad- 
uate level we do not see a very big influx of foreign students. We 
are seeing it at the graduate level, where the influx is very high. A 
rough estimate at the undergraduate level is maybe 3 or 4 percent. 
As you know, in the science and engineering areas at the graduate 
level it is a very high percentage. 

Senator Gore. What percentage is it now? 

Mr. Bloch. Well, it depends on the discipHne, but in certain dis- 
ciplines like engineering, it is a good ")() percent. 
Senator Gore. Fifty percent. 

Mr. Bloch. In mathematics it is very high, interesting enough. 
Senator Gore. What about computer science? 
Mr. Bloch. In computer science it is very high. 
Senator Gore. What, :")() percent? 

Mr. Bloch. Well, it is close to percent. 1 do not think it is over 
oO percent, but it is close to oO percent. It varies, obviously. A few 
years ago it was maybe even a little bit higher than it is today. 

Senator Gore. Now of the foreign nationals who are being pulled 
in to fill this gap, what percentage of them receiving degrees decide 
to stay in the United States? 

Mr. Bloch. Right now, that is a large percent. 

Senator Gore. It is about half, is it not? 

Mr. Bloch. It is about half, right. And again, it depends on the 
discipline. You know, it is different from discipline to discipline. 
But the ones that we are looking at are critical disciplines like 
mathematics, many of the engineer*ing disciplines, and computer 
science, as you mentioned. It is close to nO percent or sometimes 
even over 50 percent. 

Senator Gore. Now, is it reasonable to sup[)ose this trend will ac- 
cclerate if there is, as you project, a growing mismatch between the 
demand for scientists and engineers and the supply being turned 
out by American educational institutions*.^ 

Mr. Bloc^h Well, I do not know if this trend will accelerate. Let 
me tell you what concerns me. While there could vei'v well he that 
there will be an increasing numbe!* of students that come to the 
United States. I really am concerned if we see the retention rate 
that we are exi)eriencing now to continue in the future* as opportu- 
' nities arise in their home countries. 

Let me give you a couple examples. Taiwan has made the news 
of late for attracting back to Taiwan people who have for a long 
time been in the United States, either a.s students or after students 
as employees. One of my friends, a foi^mer vice president of Texas 
Instruments went back three or four year's ago and is lieading up 
one of the big semiconductor ct)i*porati()ns in Taiwan. And he was 
here pr'obably for* a good 2*). years, employed at Te.xas Instru- 
ments and other i)laces. So that is Just one e\ampU\ 
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But I am afraid that we are going to see that trend continue as 
Korea, Japan, Taiwan, and other countries, including European 
countries, by the way, build up their capabilities. 

Senator Gohe. Well, does the influx which seems to be growing 
still — I notice in this morning's paper, for example, there is an arti- 
cle about a surge of students from the Soviet Union — does this con- 
tinuing influx indicate that the quality and health of university re- 
search and science education in the United States is still the best 
in the world and still able to provide the best education in science 
and engineering in the world? 

Mr. Bloch. Well, I think it definitely indicates that, and there is 
every reason to suspect that that is really the case. So, I think the 
quality of our higher education system is outstanding. My cc 'n 
there is that our pre-college system is not as good as that, and that 
will take a toll at some future time in the quality of our total edu- 
cation system, higher education system included. 

Senator GoKK. This committee is keenly aware that while the 
health of our universities is good overall, we still have laboratory 
facilities and scientific equipment for labs that are outdated and 
falling apart and university professors too busy with research or 
reviewing research proposals to worry about teaching undergradu- 
ates. There is a long list of problems, but just speaking for myself, I 
am convinced that the more serious problems are the ones you just 
noted a moment ago. 

When we look at the education pipeline, we tend to focus on the 
relatively few who make it all the way through, but we need to 
look at ihe much larger number of American students who leak 
out of that pipeline along the way. 

What kind of science education pi'ior to the college are the non- 
science stuc^ents getting and what kind of science education are the 
undergraduates in college getting? How many are really graduat- 
ing as scientifically literate and what does that mean? How much 
.science does the average science need to know? 

These are general questions, but I think you understand the 
basic thrust of them because the answers to those questions direct- 
ly affect the number of students who chouse careers in science and 
engineering, 

Mr, Bloch. Well, I think at the pre-college level our students 
should know a lot more than they know today about both science 
and mathematics. They should be much more ex{)osed to science 
and mathematics than they are today, via longer hours arid so 
forth. They should have more ecjuipment available to themselves to 
experiment while they ai'e in high school. They should be pulled 
into reseai'ch activities while they are in high school to a greater 
extent than they ai'e today, and that is why we have some pro- 
grams in the Foundation to make that happen. 

So I think it is an uneven situation, first of all. it varies from 
state to state, it varies from school to school. Some schools are voi'V 
outstanding and sonie of them are very poor. So. it is ('s.^ent iaily 
the uneven level that 1 think we need to he conccM'ned about. So 1 
think we need to holster that. 

Al the undergraduate level, whicli you also asked ibr. 1 think 
our— and that is why we have been focusing a lot of" allention on it 
in Uie Koundation -the i^uality of" the undergraduate^ education in 
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engineering certainly and in many of the sciences I think has dete- 
riorated over time, and it is time to rejuvenate that. 

Why has it deteriorated? Two things. First of all, a lack of— what 
you mentioned — lack of instrumentation is certainly one reason. 
Undergraduate laboratories are not state-of-the-art laboratories. 
Research laboratories are state-of-the-art laboratories. And, second- 
ly, in the number of universities, by far not in all, I think under- 
graduate education has taken a back seat compared to research 
itself. So there are indications of the sort that we had better cor- 
rect our ways. 

Senator Gore. Well, the Office of Technology Assessment recent- 
ly issued a report looking at science and engineering education 
from grade school all the way through graduate school and includ- 
ed a recommendation in its final report that NSF should take a 
stronger leadership role in science and engineering education. 

Today science education programs exist at the Department of 
Education, the Department of Energy, NASA and other agencies. Is 
there a need — in spite of the numbers you presented in your open- 
ing statement, do you believe there is still a need to coordinate 
these different activities better and what do you see as NSF*s role 
in perhaps providing some interagency coordination? 

Mr. Bloch. Yes, there is a need to coordinate these activities 
better and, by the way. Dr. Bromley agrees with that and— I men- 
tioned it in my testimony — has set up a committee that spans all 
participating agencies on the issue of education and human re- 
sources. And I think that is a very important step, and 1 think all 
along over a period of time it will benefit this whole activity. First 
of all, by everybody being aware of what goes on and being able to 
join forces and resources in order to make these programs more ef- 
fective. So I think that that will have a long-term effect, and I 
think we are moving in the right direition. 

The Foundation's responsibility in science and mathematics and 
engineering education I think is one of leadership for tiie whole 
Federal Government. 

Senator Gork. Admiral Watkins at DOE has promised to greatly 
expand the educational programs in his department and. as I nvMi- 
tioned earlier, several different agencies are involved in science 
education. Are there some which you think should play a greater 
role and is there some difficulty in having so many cooks in the 
kitchen? 

Mr. Bloch. WelL I am not so sure that there is any difficulty in 
having a number of agencies participating as long as there is th(» 
kind of a coordinating function that I mentioned ht'fore i.i place, 
which was not the case a year or two ago. 

With regard to whether they should play a i)igg<M* rolo. y(»s. I 
think so. They should play m bigger role in it. NASA, for instance, 
and the Department of Energy, certainly should play a bi^.u^'J* '"olc 
in pre-college education as well as in tiie support of graduate edu- 
cation. 

I have been looking at N\SF*s graduate fellowshif) program He- 
iween us and NIH -XIH for the life sciences and we in part lor the 
life sciences, hut primarily i.i the engineering and the natural and 
social sciences are about the only game in town when it comes to 
graduate fellowships. The r(»st is relatively small, and what we 



talked about before, attracting more American students to ad- 
vanced degree levels depends very heavily on graduate fellowships. 

Senator Gore. Well, let me just ask you point blank. If you had 
an extra $100 million for science and engineering education which 
is not earmarked— and I do not unfortunately have the check here 
this morning, but if you did— where vv^ould that money go? How 
much would go to research, how much to education, and of the 
amount to education how would you spend that money? 

Mr. Bloch. That is a difficult question to answer. If you had 
asked me about a billion dollars I might have been able to answer 
it easier than $100 million. 

Senator Gork. We do not even have the check for $100 million. 

Mr. Bloch. I understand that. 

What you are driving at is essentially the balance between re- 
search and education. Let me say one thing about it. Both of them 
are grossly underfunded, so that is where the problem starts. Real- 
izing, however, what the situation is in 1990, I probably would put 
most of that money into educational programs and in research pro- 
grams in order to bring these to a higher level. 

By the way, it would not be just in one part of the educational 
pipeline but spread from graduate education to undergraduate edu- 
cation to precoUege education. 

Senator Gork. Let us say that you have $100 million which can 
be devoted entirely to education. How are you going to spend it? 
You just said you would spread it throughout the pipeline, but give 
us a little more of a feel for vour intentions. 

Mr. Bloch. It would probably be a oO/^O split between precollege 
education and graduate fellowships. Not because undergraduate 
education is overfunded or even adequately funded, but I probably 
would leave out some of the undergraduate areas primarily be- 
cause $100 million will not go very far if you split it three ways. 

Senator Gork. Your Director for Science and Engineering B]duca- 
tion, Bassam Shakhashiri, has said that NSF should be devoting at 
least $()()() million to science and engineering education compared 
with the President's request for $200 million in fiscal year liM)l. 

Let us suppose that Dr. Shakha.shiri s dream comes true. What 
kind of programs be able to fund that cannot be funded today, and 
what benefits could we expect from that increased expenditure? 

Mr. Bloch. Let me say first of all that Dr. Shakhashin's com- 
ment can be duplicated by other assi.stant directors, those of math- 
ematical and physical sciences, computer and information .sciences, 
engineering and so forth always give you the same kind of a 
number, and for good reasons. These are not just numbers that are 
dreamed up, but it is deeply felt by the staff and by my colleagues 
that we are grosslv underfunded. That is what you see. So the com- 
ment from Dr. Shakhashiri can be duplicated across the board 
many, manv times. t u- i 

Now comnig to your question, if he had the milhon I think 
his focus would probably be in doing more in those same areas 
where we are involved today: teacher preparation: materials devel- 
opment: addressing students; young scholars programs, and so 
forth. In all of these areas you can use more funding and more ac- 
tivities. 
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Certainly some of the newer programs, the State program that I 
mentioned in my remarks before, and the alliance programs, could 
use more dollars than we are able to put in now and, would then 
spread it across more states and across more institutions. 

Senator Gore. Thank you. 

Senator Robb. 

Senator Robb. Thank you, Mr. Chairman. I have to leave here in 
about two minutes. 

First of all, a question you mentioned in your testimony, forbear- 
ance by Congress, I am not quite certain whether you were asking 
us to ease off on earmarking or had something else in mind in that 
comment. 

Would you clarify that for me, please? 

Mr. Bloch. Yes. What I had in mind with the word "forbear- 
ance", which might be a bad word to use, was not so much ear- 
marking, per se, but it was the prescriptive nature of some or the 
legislation that we are seeing coming down the pike. 

Senator Robb. Is there any particular legislation or any particu- 
lar prescriptive language that you found particularly burdensome 
or onerous? 

Mr. Bloch. I will say all of them, to be very honest with you. 

Let me characterize the National Science Foundation and its pro- 
grams. Because of Congress we have a tremendous capability to 
move quickly into all kinds of areas where the benefits could be 
very great. We can move in there, getting the information from the 
people who are involved with the programs themselves, from the 
students, from the teachers and so forth. I think that helps us 
greatly in coming up with progrrms that have a big impact 

If you have to spend X dollars on a particular program for un- 
dergraduate fellowships and then have to chase after them to make 
sure that they pay back or if they do not pay back that they are 
complying with the requirement of teaching for two years after 
they graduate and so forth, we are really diluting our effort. It is 
not clear that this attracts the best people. 

So, essentially, my use of the word '^forbearance" meant to trust 
us to do the right thing. Now I know that is a big word. On the 
other hand, I do not think you can determine from up here what is 
the best program. We cannot determine it in the Foundation, 
either. Together with our clientele I think we can come a lot closer 
to a productive kind of a program. 

Senator Robb. Mr. Bloch, a pui-ely personal question. You were 
talking about the undergraduate experience and fellowships, schol- 
arships and what have you. Did you have a son that graduated 
about six years ago or is that a different person? Somebody with 
the same name who scored a KiOO came to my office while I was 
govertior. I was going to ask you about his progi^ess in science and 
engineering and to keep an eye on him. 

Mr. Bux'H. No. Sorry. 

Senator Robb. Mr. Chairman. I am going to have to go bang the 
gavel and open the Senate here in three minutes. If you will please 
excuse me. 

Thank you, Mr. Bloch. 
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Senator Gohk. Sorry to ask questions myself for so long, Senator 
Robb. Thank you for your questions. I have only a few more before 
we will go to our panel. 

After the education summit of governors last year— and you re- 
ferred to that summit in your statement — President Bush set the 
goal by the year 2000 U.S. students will be first in the world in sci« 
ence and mathematics achievement. What does that mean? Is he 
talking about elementary school students, high school students, 
graduate students, all students or what? And how will we know if 
we have met this goal? 

Mr. Bloch. Well, I think what he was addressing was primarily 
the pre-coUege area. 

Senator Gore. Pre-college? 

Mr. Bloch. That is my interpretation: elementary and high 
school. 

Senator Gork. And how will we know if elementary and high 
school science and education has produced students here in the 
United SUxies with the highest level of achievement in science and 
mathematics in the entire world? 

Mr. Bloch. Well, I think there are two criteria. The first one is, 
w^e regularly compare ourselves to other nations in the accomplish- 
ment of our students in science and mathematics. That is one way. 
But I think there is a second way which might be more impoiUint 
in the end, and that is if we see more interest in the sciences and 
engineering as expressed by students' course selection. 

Man:* times today I do not think it is a lack of interest on the 
part of the individual students iti pursuing science or engineering. 
I think the capabilities are not there to do it. At the time you come 
out of high school, and enter the university, it is a little bit late, 
you know, to decide I need more mathematics or I really should un- 
derstand what science is all about. If you do not have that under- 
standing and knowledge at that particular point, you are really left 
out or you are dealing with very great difficulties. So I think in 
that respect that is another criteria that we should keep in mind. 

Senator Gork. Well, I am sure that the President was serious 
when he stated this goal and his intention to reach it. We have less 
than 10 years, and we have a very long way to go in oi'dei* to meet 
that goal. Do we have a game plan? Have you seen any game plan 
for meeting this goal? Have you seen any estimates of the total cost 
of meeting this goal? is it going to be like the transf)ortation policy 
where the President's role is confined only to articulating the goal 
and requesting that local and state taxpayers finance the meeting 
of the goaK or is this one going to be real?* 

Mr. Blo(^h, Well, I hope it is going to be real, and 1 think it is 
going to be real. But the President—you know, the President s s(^t- 
ting that goal is the important thing. You cannot and should not 
look to the President to tell you how we go from here to there. 

Senator (Iokk. Why not? 

Mr. Bloch. Why not? I do not think that is hi.^- runctit)n. I think 
that is the function of the agencies. 

Senatoi* (Jokk. And so the President's role is nieivl\ to make 
meaningless and empty pt'otiouncements*^ 

Mr. Bloch. No. Meaningful pronouncements is- 

Senator' (Iokk. Excuse me? 
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Mr. Bloch. Meaningful, not meaningless. 

Senator Gore. Meaningful, full of what? 

Mr. Bloch. Full of the goal itself and 

Senator Gore. But not the means for reachin' • le goal? 

Mr. Bloch. Well, let me finish that. I think . is up to the iigen- 
cies— and by the way when I say agencies, I .o not mean just the 
Federal agencies, but the state and local agencies to really fill in 
underneath what that strategy is. We are working and have been 
working in the Foundation on a strategy for ourselves. 

The FCCSET committee that I talked about before which is co- 
ordinating across the Federal Government, will have to take into 
consideration the individual inputs from the various agencies and 
make sure that the mosaic is the right mosaic and achieves the 
goal. Our involvement with the states, with the State Governors 
Association, I think is in that particular respect an attempt to pull 
them into this strategic plan. But I do not think you should ask of 
the President that he come up with the plan. 

Senator Gore. Well, I do. 

Otherw^ise, I do think it is meaningless and empty. It would be a 
little like announcing the goal to land a person on the surface of 
Mars and then saying that state and local government will have to 
figure out how to do that. It is different. It is different 

Mr. Bloch. I think it is very different, however. 

Senator Gore. with education. 

Mr. Bloch. Okay with education 

Senator Gore. But if it is a national problem 

Mr. Bloch. It is a national problem 

Senator Gore.— —when we set a national gOcU, then true leader- 
ship consists of more than simply stating the goal, grabbing the 
glory and then asking others to make the hard choices and offer 
the true leadership needed to reach the goal. 

This is not your responsibility, Mr. Bloch. And you know my af- 
fection ibr you and admiration for your leadership. And if you 
could have the President do what he really should do on this ques- 
tion, I am sure that he would actually spell out some ways to reach 
the goal. But I will not put you on the spot here. I will wait until 
other occasions to do that. 

Mr. Bloch. Okay. 

Senator Gore. I just have a couple more questions, and then I 
want to recognize my colleague. Senator Kasten. First of all, the 
links between research funding and education, most of NSF s 
budget goes for research grants, and clearly if those grants can be 
more closely linked to the education and training of future scien- 
tists, there could be a big impact. We have been discussing the two 
categories of funding as if they were separate but there is, in fact, 
a significant overlap. 

What portion of NSF's budget goes for research grants to individ- 
ual investigators? 

Mr. Bloch. To individual investigators it is about (if) percent. 

Senator (ioRK. Sixty-five percent of the rese^arch budget? 

Mr. Block. Of the research budget. 

Senator (Jokk. Okay. Much oi that monc^y goes for I'esearch assis- 
tantships, stipends for graduati* studtMits doing research. Unfortu- 
nately that links a graduate student's compensation to funding for 
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a particular professor's research project. If a grant does not get re- 
newed, a student may have to scramble to find alternative support. 

Is there any way to address this particular problem? Are there 
ways to restructure the distribution of NSF research funds to 
better link research to education? 

Mr. Block. Well, that has been a concern of ours, and there are 
a number of activities that we have started in order to make tnat 
linkage. First of all, a principal investigator who has a grant from 
the National Science Foundation can come back to the National 
Science Foundation and ask for a small amount of additional dol- 
lars, in order to use a high school student or even an undergradu- 
ate student in his laboratory for a period of time to introduce him 
to research and so forth. It is the REU program that allows you to 
do that. 

Secondly, we ha^c been also focusing on asking the individual in- 
vestigator when he comes in with the grant request to tell us what 
effect that particular grant would have on education. I just sent a 
letter out last September to that effect to all universities, asking 
them to come forward with that kind of an information. It is a 
subtle way of essentially pointing out the need to focus on more 
than just graduate assistantships, but also on undergraduate stu- 
dents and pre-college students. 

Senator Gore. All right. 

Now, finally, in many American colleges and universities re- 
search and science education are, as we have noted, inextricably 
linked, and professors do serve a dual role, research and the teach- 
ing of graduate and undergraduate students. And research funding 
contributes directly to education because research gran s pay some 
or all of many professors' salaries and provides stipends to gradu- 
ate students, allowing them to pursue a master's degree or a Ph.D. 

How important are these links? And is it possible to calculate 
how much of NSF's research funding is really going to fund the 
training of new scientists and engineers? 

You gave us the figure of 05 percent in response to a different 
question. Is that the answer to this question also, or would you 
frame it differently? 

Mr. Bloch. No, I do not think that is the answer to this question. 
But let me give you— or refer you back to graph number three that 
I discussed with you, **Support for Human Resources." There you 
are essentially seeing what our total programs activity is doing 
with regard to supporting human resources. And you see on the 
top, senior scientists, you see post-docs, you see graduate students. 

By the way, the majority of these graduate students are support- 
ed by individual grants. A small portion of that is the graduate fel- 
lowship program that I talked about before. But the majority of the 
1 !),()()() are being supported by individual grants. 

The undergraduates are in part supported by undergraduate ?\c- 
tivities, and in part also supported by grants that go to individuals, 
or more importantly to centers and groups. The pre-college teach- 
ers and high school students are mostly supported by activities out- 
side oi* the research area. 

So that is probably a better indicator. And by the way, yt)U see 
that we keep track of that from year to year to see what^hV effect 
of our increase in the budget is on these Kuman i-esources. 
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Senator Gore. Thank you very much, Mr. Bloch. 
Senator Kasten. 

Senator Kasten. Mr. Chairman, I do not have any quevStions or 
comments at this time. 
Thank you. 

Senator Gore. All right. Very good. 

Before going to the next panel, I do want to say again how much 
I personally appreciate your leadership on these questions, and il 
was really in a conversation which you initiated that we began to 
develop this as a major priority area. 

And I look forward — and I will say this on behalf of our subcom- 
mittee, I look forward to continuing our close working relationship 
with you and your team at NSF to develop better ways to address 
this problem. And I hope you will not hesitate to let us know of 
further recommendations as you continue focusing attention on 
this area. 

Thank you \e^y much for coming today. 

Mr. Bloch. Thank you very much, Mr, Chairman, for your inter- 
est. 

Senator Gore. Thank you. 

And now our panel of witnesses is invited to come forward. Dr. 
Richard C. Atkinson, Chairman and Retiring President of the 
AAAS, and Chancellor at the University of California at San 
Diego; Dr. Donna Shalala, Chancellor of the University of Wiscon- 
sin at Madison; and Dr. Alvin Trivelpiece, Director of the Oak 
Ridge National Laboratory in Oak Ridge, Tennessee. 

And we are delighted that all three of you could be here today. 

STATEMKNT OF 1)R, RK HARD (\ ATKINSON, CHAIRMAN AND RE- 
TIRINCJ PRESn)ENX AMERK AN ASSOCIATION FOR THE AI)^ 
VANCEMENT OF S( lENTE, AND CHANCELLOR, I NIVERSITY OF 
CALIFORNLV AT SAN DIECiO, LA JOLLA, CA 

Dr. Atkinson. Mr. Gore, you would like me to keep my remarks 
to about five minutes or so; is that correct? 

Senator Gork. If possible, that would be wonderful. 

Dr. Atkinson. You have given me a little leeway there. 

Senator Gore. If you need a little more time than that, we can 
handle it. 

Dr. Atkinson. Let me begin by saying that this is not self-adver- 
tising but in this last issue of "Science" I have a long article in 
there entitled, "Supply and Demand for ScientistvS and Engineers, a 
National Crisis in the Making*', which I recommend to you. I go 
through a lot of the models and statistics that have been laid out. 
You talk about shortages both at the bachelor's level and at the 
Ph.D. level, some of that is spelled out in the testimony to which I 
am going to refer here. 

I think it would be a mistake to take you through much of that 
in any detiul. There are a few things, though, I would like to com- 
ment on. 

First of alK when one talks about a shortage of scientists and en- 
gineer's, all of these projections look io the future, and we ai*e not 
expecting shortages in the early li)!)Os. We will not expect to see 
shortages, for example, at the Ph.D. level until the mid li)SH)s. 
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When they start to fall into place, however, they will be very, very 
large indeed. 

So we have another five yeai^s where we are not going to be read- 
ing about dramatic shortages unless we are way ofT in some o\' 
these predictions. 

The other thing I want to take note of, you made the remark in 
your opening statement about projections/ In most scientific work, 
the word used is '^predictions''. One has a set of assumptions and 
then from that model of assumptions makes predictions. In this 
area we use the term "projection". It is a subtle difference, but it is 
to imply that these assumptions are all modifiable. The hope is 
that we will be able to inteivene and modify the assumptions and, 
therefore, the projections will be modified. 

You asked Mr. Bloch if he would make some estimates on the 
likelihood of these shortages. It is too complicated a question to 
ask, but I would be betting more like 100 to 1 that we are going to 
have dramatic shortages. Now we have to get down to the details of 
what those shortages would be. 

Let me comment that there is one rule that I use, a mnemonic 
rule, which I think would be useful for you to keep in mind. It is 
what I call the 5 by T) rule. What do I mean by that? 

If you look at a slice of 22 years, a standard slice of the popuUv 
tion we are going to look at, of all 22 years old in the United States 
f) percent are expected to go on to get bachelor's degrees in science 
or engineering. It does not matter about going to college or the 
like; just take all 22 year olds, and 5 percent are expected to go on 
to get a bachelor's degree in science and engineei'ing. 

Then if you look at that pool who took bachelor s degi'ees ii^ sci- 
ence and engineering, another o percent of tliose will eventuallv go 
on to get doctorate degrees in science and engineering. 

Now by that, many will go on for advanced degrt^es in other 
fields, medicine or what have you. Of the o pei'cent who took bach- 
elor s degrees in science and engineering, another n percent will 
eventually go on to get Ph.D.s. 

The issue then is how are those H percent going to hold u|). Mr 
Bloch pointed out that it has been i-emarkably constant over time. 
If you have a copy of my paper before you, you might just look at 
page 11a. That gives you the percent of 22 yenr olds who took de- 
grees in science and engineei-ing. You can s(»e in liKill it was 
around \ {)ercent. Witli the enthusiasm of computer scienct^ in the 
mid lilSOs, it got up to a little over T) ptMvent. Next year it will be 
back down around 4..") percent. 

I said o percent in my '> by n rule. I likt* to u.^e that, hut vou have 
to judge that that is a little optimistic. 

When you feed that all through in terms of thi* demographics, 
looking now at page Ma at a graph of the 22 yviw old population, 
when you feed that o by n rule through that process with a few 
other niinor manipulations, then you come out with the flow of 
Ph.D.s that we can expect yt^ai* by ye»ar as w(» go foi-wai'd. 

This is the last curve I will ask you to look at. If I can ask you to 
look at 1;U), vou will see wtiat the suj;ply of Ph.D.s will look like in 
the United ^States. That is taking account of certain assumptions 
about foi-eign students and what [Jeivt^nt will stay in the UnitCHl 
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States and so forth. Those are additional assumptions. If you have 
13b in front of you, do you see the dash line? That is the supply. 

Then the question is what is the demand going to be like? We 
can factor in a number of variables there. One is replacement vari- 
ables. That is what I call the Dl demand curve. If we are going to 
replace the people in industry and in the universities who are re- 
tiring, then that is going to require a certain number of Ph.D.s. We 
know those numbers very well. We know what the retirement rates 
are in industry. So the Dl curve is really quite direct. 

The D2 is an addition. It is looking at the increasing population 
of college students that we are going to expect in the late 1990s 
and early part of the next century. If we keep the same faculty-to- 
student teaching ratio, that gives you the D2 demand curve. Then 
the D3 curve is industry, the increases that are going to be re- 
quired in industry. , . . , 

Mr. Bloch made, I think, a very interesting point. In U)^() 2,4 per- 
cent of the work force in the United States was science and techni- 
cal in character. In 1986 it had grown to 8,(5 percent. So we have an 
increasing percentage of our work force that is scientific and tech- 
nical This D;^ curve that I provide I think is so conservative it is 
pathetic. I think that is an extremely conservative requirement for 
industry. 

I am dishonest here. I am going one step further. If you will look 
at page 17a you will see the average shortfall in Ph,D.s that we are 
going to expect in the United States. On average, we are going to 
be producing about 11,000 per year for the work force, and we are 
going to have a shortfall of about 10,000. So it is a serious problem. 

Let me comment. There are thousands of intervention measures 
to discuss. You have mentioned many this morning, I talk about 
some in my article. There is only one that I want to talk about 
now. We have to mount a graduate fellowship program much like 
we did after Sputnik. 

Now again I am violating my rule, but I want you to look at page 
21a. That represents the number of fellowships and research assis- 
tantships and the like that the Federal Government supported in 
1909 and what we support in 19S9. If you will look at the dashed 
section, in 1909 we supported 0(),()()() fellowships and traineeships 
Federailv funded for science and engineering. Today we support 
about 12,000 Federally funded fellowships for science and engineer- 
ing. We offset it a little by an increase in the number of research 
as'sistantships* but the Irv'el of support for fellcjwship training is^ a 
real problem. 

I think we have to face this immediately. I have told you that 
that shortfalls will not begin to occur until the mid 19i)0s. I think 
this vear we should mount a fellowship program. The minimal 
levelshould be at least :1000 additional fellowships per year. 

I am finishing now very quickly. 

We should have :i.000 fellowships per year at the graduate level 
for science and engineering. Thev should be for a four-year period. 
Thev should be at the level of 25.000 apiece, 10,000 for a stipend for 
students. 9.0()() to the university to cover the educational costs. 

If vou take the :^000 per year for a four-year period and you ^et 
this into .steady state, it is going to cost .S^^OO million a year. I think 
it would be a^ program vory comparable to the National Defense 
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Education Act Program we had after Sputnik. 300 million would be 
just touching the surface. It would fall far short of what is needed, 
but I think it needs to be done now and should be in the Presi- 
dent's next budget. 

Thank you, Mr. Chairman. 

[The charts referred to follow:] 
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Figu''e 1 . Growth of U.S. bachelor's and first professional degrees from 
1900 to 1988. 

Source: National Science Foundation. 
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Figure 2. Millions of 22-year-olds in the U.S. population. 
Source: Bureau of Census. 1980 Census. 
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Rgure 3. College enrollment trends and projections from 1963 to 2012. 
Separate curves are presented for total enrollment (fulMlme plus part-time 
students) and fulKlme equivalent (FTE) enro!!ment. 
Source: Bower and Sosa. 
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rD\r Figure 4 Percent of 22-year-old5 awarded B.S. degrees in the- natural 

t iy v sciences and engineering, 

™-™ Source: National Science Foundation. 




Figure 5. Number of PhD degrees in the natural sciences and 
engineering from 1960 to 1987. In 1987, production rates returned to 
the peak rate of 1971. 
Source: National Science Foundation. 
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Figure 6. Number of PhD degrees in mathematic? from 1973 to 1987. 
Source: American Mathematical Society. 
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Figure 7. Supply and demand projected to the year 2010 for PhDs 
in the natural sciences and engineehng. 
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Rgure 8. The annual supply and demand for new PhDs in the natural sciences 
and engineering averaged over the 16-year period from 1995 to 2020. 
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Figure 10. Number of PhO d^rees awarded to U.S. citizens (men and 
women) in the natural sciences and engineering from 1972 to 1988. 
Source: National Science Foundation. 



Senator Gore. Thank you very much. And I commend to my col- 
leagues your full text as well. It is very thorough and well pre- 
pared. 

Our second witness on this panel is Dr. Donna Shalala, 
Senator Pressler. Mr. Chairman, could I just put a statement in 
the record? 

Senator Gore. Yes. Excuse me, Senator Pressler, I should have 
recognized you before I moved on to the second witness. 

Senator Pressler. I am doing the committee waltz this morning, 
and I am going to listen and read very clos:ely what our fine wit- 
nesses have submitted. 

Senator Gore. Dr. Shalala is Chancellor of the University of Wis- 
consin at Madison. And Senator Kasten has already bragged on 
you, Dr. Shalala. Let me say my mother went to law school at your 
institution in the 1930s, and so we are glad to have you here. 

Please proceed with a summary of your prepared statement. 

STATEMENT OF DONNA E. SHALALA, CHANCELLOR, UNIVERSITY 
OF WISCONSIN AT MADISON, WI 

Dr. Shalaiji. Thank you very much, Senator Gore. And I want to 
thank Senator Kasten for his kind words and his long support of 
the university. 

I think maybe what I can do that is useful, because my two col- 
leagues here as well as Erich Bloch have outlined some of the stats 
on the kind of crisis that we are facing, is to talk about thv pipe- 
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line problem from the perspective of someone who heads a major 
research university. , , 

Because I am concerned that in looking for places to intervtMio 
we might focus our attention just on the pre-college level. Bt'^-'^iutit- 
if we put in a block of money at the pre-college level and then had 
an increase in the number of students interested in science bounce 
through to the undergraduate level and did not have the kind o\ 
facilities and teachers that we needed at that level, we would nui 
produce the numbers that we need at the graduate level and the 

Ph.D. level. . .. , ^ . <• 

And it really is a pipeline, a pipeline that needs support Irom the 
beginning right through the end, and even when you get at the end 
and produce that Ph.D.. as Dick will tell you. the start-up costs tor 
new faculty, the level of facilities that they need so that they can 
complete the tenure process in about a six-year period are enor- 

"^And I know that the University of California system has th? 
same problem that we have at the University of Wisconsin, ana 
that is facing large numbers in the mid-li)i)()s of new faculty thai 
have to be started out. These are tremendous costs for every uni- 
versity in this country. 

So it is the pipeline that we need to keep in mind. 

Like everyone else here, I would certainly like to attract more 
women and minorities. That will take a tremendous infusion (^1 
money for facilities, not only in the great research universities, but 
I should point out as a trustee of Spellman College, the great black 
women's college in Georgia, about a third of our students at bpcli- 
man are interested in the sciences and they need stronger facilities 
at a historic black college as well as our other universities if we an- 
going to produce both women and minority students coming out at 
the end ready for graduate support. . 

Just a couple of points about graduate and training grants, ann 1 
think that Erich made the point very well, but I sure would like lo 
make the case, that while the statistics show, and it certainly i^ 
true at Madison, we have had a decline in the number of lei low- 
ships and traineeships and an increase in the number of studenis 
that we are supporting on research grants, we get tremendous ;^up- 
port from NSF and NIH. This year we have S7S students on felK^v.' 
ships and traineeships and 2.(i4r) supported on research grants. 

I would not separate the training of students from the ve<i-:\ya\ 
grants. I believe that this is tne clinical experience of enormously 
talented future scientists. . 

And ju.st to give vou a real-world experience, m recent wt-rk-; all 
of us have turned our attention to the Hubble space telescope ano 
the reallv tremendous scientific potential of that telescope. I he 
University of Wisconsin built part of that machine. 

We had 100 graduate and undergraduate students who wvn ac- 
tively involved in the construction and in the development oi nif 
high-speed photometer, which was one of the six scientific iii.-tru- 
ments aboard the space telescope. And it was a ivsean-h progiv.u 
that financed those students. And their roles vdu^vd from tjic 
design of the photometers aperture plates to the devi-lopincn; ol 
the software codes. 
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So that when we talk about a lesearch project, we should not 
think that we are not training students as part of that research 
project. In fact, the American research university has integrated 
the training of undergraduates as well as graduate students in our 
large-scale grants. 

So we are deeply concerned when NSF is not fully funded or 
when NIH» as it has recently, makes a decision to begin to fund 
only a portion of the research grant requested. Because that often 
cuts out some students that we are going to train as part of that 
project. 

So there really is, in the I'eseai'ch university, an intei'i'elationship 
between the training of undergraduates as well as graduate stu- 
dents. You cannot walk into a major lab at the University of Wis- 
consin without seeing undergraduates there. 

So that with all the beating up that we are taking, some of it 
appropriate, about what we are doing about undergraduates in re- 
search universities, it is undergraduates and graduate students 
that are being trained in our great research universities as part of 
these grants. Often they ai'e hourly employees, but more often than 
not they are part of the team that is getting trained, and it is a 
way in which we turn on undergraduates. 

Finally, let me say something c.bout women and minorities and 
the opportunity to attract them. We have a crisis situation in 
terms of who is going to do science and technology in this country. 
One way of filling some of that gap is to increase the number of 
women and minorities that are active. 

But it should not only be an argument to fill the gap, it has to be 
an argument that we have to have full participation. We are leav- 
ing out part of our scientific brain power if we do not pull in large 
numbers of women and minorities into oui* futui'e training gi'aiUs. 

And I support Dick Atkinson's call for a larger number of fellow- 
ship support. I would hope that some of them are in fact set aside 
for women and minorities so that we can increase those numbers. I 
also would be willing to take up a challenge from the Congress to 
match some of that money with private gifts and with state sup- 
port. 

We h.nppen to come from a state, the Senator and I, in which the 
state has been a tremendous supporter of graduate fellowshif^s for 
minorities and poor students. And I know that in our state, and 
also the private sector that we deal with and the foundations, 
would be willing to provide some of the match for scjme of^ that 
nioiiey. 

And I think you ought to give us that challenge and I think that 
working with the Congress and with the otluM* universities w(» 
really could make some impact on the ti'aining of a new genei'ation 
of women and minorities in the sciences and in technology. 

Thank you very much. 

jThe statement fcjllows. j 
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DONNA SHALALA 
CHANCELLOR, UNIVERSITY OF WISCONSIN-MADISON 
TESTIMONY 
U.S. SENATE 

COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION 
SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE 
MAY 8, 1990 

Mr. Chairman, I appreciate the opportunity to appear today 
before the Subcommittee on Science, Technology, and Space of the 
Senate Committee on Commerce, Science and Transportation. I would 
like to present the perspective of a major rese;*rch institution on 
what actions are necessary to avert or at least ameliorate a major 
crisis in the supply of scientists and engineers for the next 
decade . 

It's simply this: We must attract more of our young people 
into scientific careers, particularly those minorities and young 
women who have been traditionally underrepresented in scientific 
professions, engineering and technology. We must further pr -vide 
support and opportunities to ensure that we do not discourage and 
lose future scientists and engineers. And we must be ready to 
facilitate the establishment of the professional careers of those 
students whom we have trained. 



NATURE OF THE PROBLEM 

Much has been said and written by my colleagues, including my 
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distinguished co-panelists Dr. Bloch and Dr. Atkinson, concerning 
the shortfall of scientists and engineers this country is predicted 
to face by the year 2000. You have already heard an outline of the 
dimensions of what has commonly been referred to as the "pipeline 
problem." I shall not dwell further upon this problem except to 
give you a feeling for what this can imply in terms of the 
anticipated needs of a major research institution. This is an 
analysis of the sort of hiring which will be required at the 
University of Wisconsin-Madison in the next decade in order to 
maintain the University's position as a premier center of research 
in the sciences and engineering. As one of the leading research 
and teaching institutions of this country, the University of 
Wisconsin-Madison's situation reflects many of the circumstances 
which numerous other institutions of higher education are facing 
currently or will face during the next decaae. 

We're certainly very concerned, not only about our ability to 
compete, for students and for jobs, in a global marketplace, but 
about how such lack of preparation and underemployment will affect 
our lives in this country. This is not just a problem for higher 
education or for industry but for society as a whole. 

First, let me address the ir.pending turnover in faculty that 
is before us. Not unlike colleges and universities across this 
couritry, the UW-Madison will face massive retirements in the next 
decade unlike anything we have ever experienced. The numbers from 
an employer's and administrator's perspective are intimidating. If 
we compare the relative acjes of the l?W-Madison faculty in 1976 with 
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the ages of the faculty in 1988, the problem becomes apparent. In 
1976, the university had 725 faculty members who were 51 years of 
age or older. By 1988, that number had increased by more than 3 5^ 
to 981. It should be noted th-it during this time the total number 
of faculty at the institution increased by only 53 positions out of 
a total of 2398 such faculty, indicating that the above numbers are 
a reflection of the aging of the faculty and not due to a 
significant change in the size of the faculty. Viewed another way, 
we are now projecting that the UW-Madison will experience 66 
faculty retirements in the year 2000 as compared to the 39 which 
were experienced in 1988-89, an almost 70% increase. These numbers 
reflect the reality that the demand to fill these positions will 
arrive in this decade as predicted. 

Next is the issue of how the removal in the 1990 's of the 
federal mandatory retirement age of 70 will affect this demand. I 
think the Wisconsin experience can be of particular value here. 
The State Legislature removed such a mandatory retirement cap for 
our faculty in 1984 and Wisconsin has been "uncapped" longer than 
any other state. A review of our retirement numbers reveals that 
this option holds little hope for alleviating the pressure we will 
feel in the years ahead. While the distribution of retirement age 
has changed since the removal of the mandatorv retirement age, the 
average age has remained relatively unchanged. For example, in 
1976-77, the average retirement age on the Madison campus was 64,1 
years. In 1987-88, that age had remained virtually unchanged and 
was at 66.0 years. Based on the data, removal of the mandatory 
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retirement age will have little effect on the personal preferences 
of faculty to leave the university work force as they age. 

However, past experience indicates that we will lose faculty 
to other institutions or professions at a rate which is about 1.5 
times the retirement rate. While most of these are not lost to the 
total science worker pool, neither can they be counted upon as a 
gain for other institutions. In addition, the costs of 
establishing new laboratories apply also to this enhanced number of 
new recruits. 

Finally, I would like to share some information from Wisconsin 
concerning the supply side of this equation. As you may know, the 
University of Wisconsin-Madison is one of the top 40 doctorate^ 
granting institutions in the country. In fact, in 1988, we were 
second in the nation with 682 Ph.D.*s granted. This represented 2% 
of the total number of Ph.D.*s granted that year for the entire 
country. Wisconsin has been, and will continue to be, a major 
supplier in this increasingly tight market. Unfortunately, while 
national numbers reflect some increase in the production of 
Ph.D.*s, Wisconsin's contribution has been virtually unchanged 
during the past 12 years. In 1977-78, we contributed 665 
doctorates to the national pool. Last year, that number was 689, 
an increase of only 24. Although we do not have detailed 
information on the distribution between U.S. and international 
students, it is clear that in some areas of engineering and science 
the fraction of non-U. S. citizens receiving Ph.D. degrees is 
increasing. The fraction of non-U. S. Ph.D.'s in our university as 
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a whole may not have changed significantly. We are truly an 
international university. 

In summary, let me state that the Wisconsin experience 
reinforces what my colleagues have said and are saying. A 
significant increase in faculty retirements will occur in this 
decade and early in the next, and for which we currently are not 
producing the graduates to fill those vacant positions. I can 
assure you that we regard this as a critical situation. As both a 
utilizer and a source of talent in these areas, it is crucial that 
we have access to the resources needed to address this problem. 

STEPS TO A SOLUTION: PRE-COLLEGE 

It should be clear that there are no magic solutions to this 
problem. Instead, we must plot a course which considers each step 
of the development and training or scientists and engineers, ensure 
that we provide for maximum access by all members of our society to 
enter upon this training, and guarantee that prospective scholars 
are not lost to these disciplines through a lack of available 
resources . 

Simple demogr?phic analyses demonstrate that our richest 
resource for new numbers of scientists and technologists will be 
minorities and women for the next cjeneration. They will be the 
largest pool to draw scholars, teachers and professionals from in 
all areas as well. 

We need to make sure that at the very beginnings of life, we 
give these young minds the nurturing they need. Later, we must 
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invest in ways to transmit the delight and excitement of science 
and the possibilities for careers in this field, so that it becomes 
real to young students - no matter how difficult their backgrounds 
or school experiences have been. 

Various studies have indicated that as children, many stiidents 
have an original interest in the sciences; but this interest teems 
to be lost at various stages in the pre-college years for women and 
minorities. At the University of Wisconsin-Madison we are involved 
in a number of efforts to maintain or re-awakeii interest in 
scientific or engineering careers in our young people. 

Among these efforts is our "College for Kids" program, which 
brings together middle-school students during the summer to expose 
them to scholarly activities in a variety of fields. Although not 
specifically targeted to minorities or women, by acquainting these 
groups with the excitement of science, we hope to encourage their 
participation later on in its demands and rewards, our Engineering 
summer Program is specif iT.;!!"/ targeted at providing minority high 
school students with experience in all aspects of the engineering 
prof ess ion . 

We must make sure that children from disadvantaged 
backgrounds, particularly, don't slip into a netherworld of 
indecision after primary school. It*s in elementary school and 
middle school that these students are deciding who they will be; 
and we want them to know that the fields of science and technology 
are not closed to them. These doors are open to their approach, 
and when the^ do approach, we must be there waiting for them with 
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p<ier counseling, tutoring support and a general atmosphere of 
support and encouragement. 

Another facet of the shortfall problem is the difficulty of 
providing adequate pre-college instruction in the sciences, ft 
UW-Madison, we have made significant strides toward improving the 
teaching of science in the nation's elementary and high schools. 
The Institute for chemical Education, founded at Wisconsin and now 
established at five other universities around the country, has 
provided workshops aimed at improving methods of science teaching 
for 1600 teachers so far. This program, funded by the National 
Science Foundation, has been a catalyst for the improved teaching 
of chemistry in hundreds of schools. It is catalytic in nature 
because the program helps draw state and local support to the fight 
against scientific illiteracy. 

The Institute, for Chemical Education is also now in the 
forefront of the effort to help funnel an increasing number of 
blacks and hispanics into the science and engineering pipeline. 
Institute centers at Washington's Catholic University and the 
University of California at Berkeley have established two-year 
training programs for teachers at elementary and high schools that 
have significant minority enrollments. 

The goal of these programs is to empower teachers by giving 
them new skills and knowledge in both science and pedagogy to 
vastly improve the teaching of chemistry. The hope of these 
programs is to put more minorities on the science and engineering 
track. Again, this type of activity is in our own best interest. 
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In the years to come, higher education will need the elementary and 
high school students of today to assume leadership roles in the 
scientific enterprise. 

Our Center for Biology Education, among other activities, 
supports various educational outreach programs and summer 
enrichment programs for minority students. The Center for 
Education Research a.id the Human Genetics Education center play 
similar roles. 

UNDERGRADUATE AND GRADUATE EDUCATION 

I would now like to turn to the next stage in the pipeline, 
that is, the training at the undergraduate and graduate levels of 
future scientists and engineers, in order to prepare these young 
people for future careers at the cutting edge of technology, it is 
essential that we make available to them, in addition to modern 
instruction in their fields, both research opportunities as well as 
support for their studies. We must recognize that we can no longer 
afford the luxury of regarding college education, and in particular 
science training, as a privilege for students from upper or middle- 
class families. This is especially true when we are considering 
people from those groups not traditionally represented in the 
scientific work force. The shortage in prospective students in 
these areas maker it critical that we not lose (hence waste) this 
raw material due to an inability on the behalf of these students to 
finance their own college educations. 
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A variety of scholarship and loan programs have been created 
at the undergraduate level to help meet these needs. I would point 
out, however, that programs which result in large debt loads for 
students upon graduation may be counter-productive in creating an 
adequate reservoir of Ph.D. scientists and engineers. 

If you had scraped together all you had to attend college, and 
learned that your debt was going to outpace your ability to earn 
before you even attained your majority, the temptation to surrender 
to despair would be strong. Grants, rather than loans, especially 
in the early years of college, might hold off the incursion of debt 
until a student is better able emotionally and economically to deal 
with that kind of burden. 

Simple economic considerations too, can result in students 
electing, after completing the baccalaureate degree, to enter the 
market place rather than to pursue graduate studies toward a Ph.D. 
This problem has been particularly acute in engineering, for 
example, where in the past industrial demand has seriously depleted 
the ranks of those students going on to graduate degrees. In those 
cases the nation has justifiably been accused of "eating its seed 
corn. " 

It is common to think of financial support for students solely 
in terms of fellowships and, at the undersjraduate level, loan 
programs. I would remind you, however, that research projects, 
such as those supported by the National Science Foundation, as well 
as other agencies, provide the major source ot student support at 
the graduate level. Many of these programti provide appreciable 
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amounts of support for undergraduates as well. For example, at the 
University of Wisconsin-Madison, in the fall of 1989, 878 graduate 

students were e\ pported on fellowships or NIH traineeships , while 

r 

2645 graduate students were appointed as research or project 
assistants on research grants. Over the past decade the number of 
students supported by fellowships or traineeships actually has 
declined by about 10% (from 981 in 1980), while the number on 
research and project assistantships has risen by 20% (from 2227 in 
1980) , We do not have available comparable statistics for the 
support of undergraduates, but I can assure you that a significant 
fraction of those in the natural sciences and engineering receive 
are employed as hourly help or undergraduate assistants on our 
research projects. 

A case study of a single project may help illustrate this 
point- In recent weeks, the nation's attention has been focused 
on the Hubble Space Telescope and the awesome scientific potential 
it harbors, one aspect of the space telescope, however, which has 
escaped public notice is the significant role the telescope has 
played in the scientific training of Wisconsin students. The 
University of Wisconsin-Madison is the only university in the 
nation to actually have constructed a part of this magnificent 
n'»rhine. More than 100 of our graduate and undergraduate students 
were actively involved in tha construction and development of the 
Itigti Speed Photometer, one of the six scientific instruments aboard 
the Space Telescope. 

Under the aegis of thi:^ program — a research program--these 
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Wisconsin students were able to perform tasks ranging from the 
design of the photometer •s aperture plates to the development of 
critical software codes, I can think of no better example than 
this of the important dual role that research dollars play in the 
meaningful education of future scientists and engineers. 

Providing student support through the mechanism of research 
grants and contracts helps meet our second requirement for these 
students, namely, giving them access to research experience at the 
frontiers of knowledge. We regard this experience as an integral 
component of the education of a scientist or engineer, ThitJ s^:t 
of support therefore accomplishes three tasks at the same time. It 
provides .support for the student, it provides training and 
familiarity with modern research techniques, and it contributes in 
an essential fashion to the actual accomplishment of that research, 
A word c'f caution is in order here. If research grants and 
contracts are to form effective sources of student support and 
training, the lifetime of these grants and contracts must be 
sufficiently long to permit reasonable planning and completion of 
research projects by the students. Great progress has bficn made in 
recent years in avoiding the yo-yo effect of one year funding 
cycles, which provide support only to remove it once the student 
begins his/her training and research. The shift to longer-term 
grants has been identified as parr of the reason for a crisis in 
funding, especially in the biomedical sciences. The crisis is 
real; the solution must not be to shorten the periods of grants. 
It is of course possible to combir-e this sort of support and 



60 

research experience with fellowship assistance* At the University 
of Wisconsin-Madison we have an extensive program of state- 
supported Advanced Opportunity A^el lowships , designed to assise 
minorities and other disadvantaged groups to pursue graduate 
education. In the development of proposals for large center-type 
grants, such as the NSF Engineering Research Centers and the 
Science and Technology Centers, the institution is required to 
provide a substantial amount of cost-sharing in the budget for 
uhese centers. We have adopted a policy of providing some of that 
cost sharing by setting aside one or two of these Advanced 
Opportunity Fellowships for qualified minorities involved in the 
activities of the center. This provides a powerful incentive for 
the faculty and staff who comprise the center to recruit and work 
with minorities. Such a process integrates these individuals into 
the scientific activities in a highly effective way. We are 
committed to such efforts as part of the Madison Plan. This use of 
fellowships as part of the cost-sharing requirement is an efficient 
way of accomplishing our goals. 

Thus far we have focussed upon the problems of encouraging 
adequate numbers of students to embark upon careers in science and 
technology, and in providing support and research opportunities for 
those students. We also have the task of integrating these 
students, once trained, into our pool of mature scientists and 
engineers. This is, if you will, the point where the pipeline 
enters the reservoir. 

Some of these students will go on to jobs in industrial and 

12 



ERiC 



61 



government laboratories. It is necessary to recognize that the 
proper role of the university is to provide the general background, 
training and experience for these students. We cannot provide the 
detailed sort of on-the-job training which is specific to each 
particular job or industry. Despite our limitations in terms of 
training for specific jobs, those of our students who go on to 
industry provide our most effective method of technology transfer. 
The surest and most effective way to transfer the progress of our 
university scientific laboratories to industry and the market place 
is through the students whom we train, students who then go on lu. 
positions in industry. 

Experience has shown that a large fraction of our Ph.D. 
recipients in the sciences and engineering will go on to positior.B 
in academia, in turn training future generations. Some of the^ic 
students will go directly from the Ph.D. to faculty positions. An 
increasing fraction, however, will assume postdoctoral positions 
for one or more years to hone their skills and complete their 
preparation for life as independent scholars. 

In either case, once they have assumed faculty position^w 
these individuals are under severe time pressures. They must, in 
sequence, establish laboratories, establish a research program, and 
establish a research reputation, all in the traditional six yoam 
before a decision on tenure is made at almost all American 
universities. This in turn means that we as institutions must be 
able to provide the laboratories and the state-of-the-art equipment 
which these young faculty need to be competitive in today's 
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sciences. Problems with the state of the infrastructure at our 
universities have been extensively documented. The situation with 
respect to young faculty is especially critical, however. Due to 
their own time constraints, they cannot af^rd to wait for long- 
term programs or programs the effects of which will be delayed from 
year to year. In terms of our metaphor, the pipeline does not end 
until the research career is fully established. The universities, 
and indeed the nation, cannot afford the loss of talented 
individuals simply because we cannot provide them with the final 
tools needed for their final step, 

BUDGET IMPLICATIONS 

The picture which I have set forth regarding the 
encouragement, support, training and integration into the work 
force, of new scientists and engineers has a number of budget 
implications, especially for granting agencies such as the National 
Science Foundation. 

While I understand that there is increasing pressure to share 
the budget responsibilities with states and private industry, I 
would like to comment briefly on this direction. Due to the nature 
of graduate education and the mobilitv of the graduates, it is very 
difficult to get state governments or industrial leaders to invest 
invest substantially in this area. Because their return on 
investment is so unpredictable, we cannot hold much hope in 
receiving extensive financial support from these sources. Graduate 
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schools and graduate students are truly a national resource and 
are, therefore, a legitimate federal responsibility. 

The obvious needs for pre-college programs have been largely 
recognized and already form a significant part of the Foundation's 
budget for education. At the undergraduate, and especially the 
graduate level, commendable steps have recently been take to 
increase tlie numbers and stipends of various fellowship program?. 
The situation is less optimistic when ve look at support through 
either traditional few-investigator research grants or through 
large-scale centers. In this area the Foundation's budget has not 
grown dramatically, and as a consequence it has not been able to 
provide the level of funding in individual grants necessary to 
permit the full utilization of the preseiic supply of graduate 
students in the science and engineering areas. 

Considerable debate now exists in the scientific community 
regarding the relative utility of large center-type grants, and the 
traditional individual investigator awards. It is our position 
that both are needed. The center grants can provide core support 
for activities of related projects more effectively than a large 
number of individual grants can, but the awards for separate 
projects enhance the peer review, and hence the overall quality of 
the research done. The tension could be largely eliminated if the 
budget would grow to a level to permit a reasonable funding of both 
types. 

I would like to comment upon an especially pernicious effect 
of only partial funding of proposals, or "downward negotiating" in 
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the NIH terminology, when this sort of partial funding occurs, one 
of the first budget items to be removed frequently is the support 
for graduate students. In this sense there is a differential 
adverse impact on the support of students produced by this sort of 
budget cutting. A simple calculation indicates that a research 
program outside the laboratory sciences requires at least $50,000 
per year in order to support two months of summer salary for a not- 
too-highly paid professor and a graduate student. When laboratory 
research is involved, the price tag increases substantially. 
Consideration should be given to establishing minimum level of 
awards, to help ensure the adequate support both for the research 
and for the students. 

Finally, a full integration into the professoriate of the 
r^h.D.s whom we have trained will require a major infusion of funds 
for updated equipment and facilities. States and private 
endowments can provide some help, but they cannot solve the problem 
alone. Major amounts of federal money are required, and as 
indicated, cannot be long delayed if we are to avoid a major waste 
of our human resources. In one sense this is our most important 
investment in the future. 

In summary. I would argue that we must be careful not to 
devote all our attention to only one part of the pipeline. We need 
to encourage more students to consider scientific careers, we must 
provide them with appropriate training and support, and we must 
give them the environment they need to fully function as our new 
generation of scientists and engineers. The greatest tragedy or 
all would bo to encourage minorities and wonon to embark upon 
science and engineering careers and thon not have ava i lablo the 
support and research opportunities at the graduate level, or worst 
of all, not have available the tools to become mature established 
scient ists , 
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Senator Gore. Thank you very much, Dr. Shalala. We appreciate 
that. We will hold questions until the panel has concluded. 

It is a great personal pleasure for me to introduce the final wit- 
ness on our panel. Dr. Alvin W. Trivelpiece is Director of the Oak 
Ridge National Laboratory and is someone who has long experi- 
ence in a variety of different positions in looking at the question 
we are exploring here today. 

We are proud to have you here, Dr. Trivelpiece. Please proceed. 

STATEMENT OV DR. ALVIN W. TRIVELPIECE, DIRECTOR, OAK 
RIDGE NATIONAL LABORATORY, MARTIN MARIETTA ENERGY 
SYSTEMS, OAK RIDGE, TN 

Dr. Trivelpiece. Thank you, Mr. Chairman and Members of the 
subcommittee. It is really a pleasure to be here. I think this is an 
important subject, and I appreciate the opportunity to talk about it 
a little bit. 

The world is really quite complex technically. It is becoming 
more complex all the time. By the year 2000 it is going to even be 
more so. The last few decades we have seen some rather interesting 
inventions and discoveries. Lasers and supercomputers have been 
developed. High temperature superconductivity has been discov- 
ered. Fiber optics has played an enormous role in the technology of 
our Nation. We have a lot of problems out there of various sorts. If 
you pick just energy alone, you have the problem of nuclear power, 
carbon dioxide, acid rain, solar and things like that. 

If you look at agriculture, it is scientifically intensive although 
not normally recognized as such. What happens to soils when 
plants deplete particular elements? How do yov replace them? 
What will genetic engineering do? Can you really develop plants 
that will live on brackish water, fix their own nitrogen, produce 
their own herbicides and make their own insecticides internally, 
naturally? It is an interesting possibility, and it is quite controver- 
sial as to whether or not that can happen. 

People talk about the computer revolution being here. I do not 
think the computer revolution has even arrived yet. It is going to 
be here one of these days, and I think this high performance com- 
puting initiative which you are taking a personal hand in. Senator 
Gore, is a very important one. Competitiveness comes up all the 
time. What do you do about robotics and materials? There are also 
a large coi.^ction of things in manufacturing sciences. There are 
new materials such as nickel aluniinides that need to be looked 
into and have something done. 

One of the things I look at as a key to this is mathematics. I be- 
lieve that of all the subject areas that you can emphasize, mathe- 
matics is the key to all of it through all the educational levels. It is 
that belief that created a weakness in my armor. When I v/as 
asked if I would L'erve as the chairman of the math sciences trduca- 
tion board I said yes. I did not realize what kind of a time-consum- 
ing extracurricular activity that it was going to turn into. 

Just last week I was here in Washington for a meeting of about 
.')!)() education leaders on making mathematics work for minorities. 
This was an imjio. cant conference, and it did stress the fact that 
mathematics is the key. There are many organizations that are 
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trying to do something about bringing mathematics into the 
schools, and one of the keys is teachers. 

I think in looking at facilities such as national laboratories, they 
have been an underutilized facility in that kind of an activity. We 
do now bring many teachers into the laboratory, high school teach- 
ers, for summer programs, and I believe anything that can be done 
to augment that kind of an activity is important. 

About 20,000 high school students in the last five years have had 
an opportunity to go through the ecological and physical sciences 
studv committee activities at the laboratory. They go through some 
22 different programs. I think that this type of activity helps pro- 
vide a basis for giving youngsters the belief that there is something 
to do that is interesting in science. 

One of the problems we have, of course, in this country is that if 
you ask third graders to draw a picture of a scientist, you would 
not want to be the kind of individual that those pictures represent. 
They are usually bad looking people doing bad things to other 
people or animals or the environment. 

Where does that come from? Is it television? I do not mean to 
bad mouth television 

Senator Gore. Oh, go ahead. 

Dr. Thivelpiece.— but there are certainly many programs which 
probably do not create an image that is favorable toward pursuing 
careers in science on the part of youngsters. I think it would be im- 
portant to trv to do something about that. 

As a former government employee having testified here many 
times, 1 did not realize the difficulties I caused for those that fol- 
lowed me, since the government witness is usually the leadoff wit- 
ness. They get to state all the statistics, and then everybody else 
bats cleanup. Having a last name that is toward the tail end of the 
alphabet, 1 am usually the last witness on a panel, so I get to com- 
ment on what my colleagues said before me. 

In that regard, 1 would like to comment on what Dick Atkinson 
said with regard to fellowships. He is right on the mark. 

There is perhaps one element, however, that he left out. Al- 
though he was verv explicit about the amount of money that is 
there, I think it is' important that the analysis that should take 
place. When I was going through graduate school the ratio of what 
you could earn with your B.S. ir* hand and what you could get as a 
lollowship was about"2 to 1. In other words, you could earn twice as 
much as you were getting in your stipend. 

That ratio today is 5 to 1 or 4 to 1. That has a tremendous influ- 
ence on an undergraduate making a decision, shall I go on to grad- 
uate school or not, because even if they can get a fellowship, ii thai 
fellowship is only 20 percent of what they can get with their B.S. in 
hand, they quickly do the arithmetic to realize that no matter how 
entertaining the Work they might do or how much f :^edom it 
T)rovides them. They will never again see that as a financial bene- 

In other woi'ds. getting a Ph.D. in my tmie H*as a financial bene- 
fit if you lived long enough. I do not think thai today's undergradu- 
'aU\ looking at that and doing the arithmetic, can believe honestly 
that thev will ever get it back in their lifetime. So the fellowships 
•K\\]\' need to be tailored to trying to bring that ratio somewhere 
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in the 2 or 3 to 1 category. Otherwise, in spite of ail good inten- 
tions, it may not help as much as you would hope. 

With that, Mr. Chairman, I will be glad to turn to questions. 

[The statement follows:] 

TESTIMONY 
SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, 
AND SPACE 
May 8, 1990 



Alvin W. Trivelplece 
Oak Ridge National Laboratory 

Mr. Chairman and Members of the Subcommiltee, I am pleased to have 
the opportunity to testify before this Subcommittee to present my 
views on training of scientists and engineers for the year 2000. I 
look forward to this appearance because the topic of training our 
nation's scientists a -d engineers is clearly one of critical 
importance to our competitive posture. This is also an area in which 
I have had a long-term personal commitment having spent much of 
my adult life involved in science education. For nearly twenty years, 
I taught at the university level; while at the American Association 
for the Advancement of Science. I was actively involved in a broad 
range of educational activities. Now, as director of Oak Ridge 
National Laboratory, I have a vital interest in a highly qualified 
scientific and technical workforce. Finally, as chairman of the 
Mathematical Sciences Education Board, I am working to build a 
consensus for a national strategy of mathematics education. My 
testimony will provide my perspective on the effects of a projected 
shortfall of scientists and engineers, and then comment on 
challenges faced by the university research community. 
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Many studies over the past several years have indicated that our 
country's changing demographic profile, under present conditions, 
will not produce enough scientists and engineers in the next two 
decades. Wnite males have traditionally been the largest segment of 
the population in the science and engineering work force. But time 
marches on and they retire and leave the work force. The new 
entrants to the workforce will largely be composed of minorities, 
women, and immigrants. As new scientists are needed to replace 
them, other population groups will have to take their place. But it 
just isn't happening fast enough. We are heading for a shortfall that 
could exceed a half-million in twenty years. 

Oak Ridge National Laboratory and the nation's other Department of 
Energy laDoratories are, according to the Secretary of Energy, "home 
tu some of the world's brightest and most innovative scientists and 
engineers. Their creative minds are a precious asset and will be 
encouraged not only to continue tljeir basic research, but also to 
improve the process by which new technologies are transferred to 
American industries, small businesses, and universities." 
Historically, our involvement in education has been focused in higher 
education with emphasis on research appointments at the faculty 
and postdoctoral level. Eventually, undergraduate programs ware 
developed which also focused on research opportunities for students. 
Educational links between the laboratories and the academic 
institutions are seen as beneficial to both in that faculty, staff 
scientists, and students have access to research facilities that may 
not be available ct the base institution and contribute to the ongoing 
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research at that guest facility. Faculty, students, and the staff 
scientists interact with professional personnel beyond that of the 
base institution. Students that participate in the research programs 
provide an experienced set of hands and a pool of capable students to 
be encouraged to pursue graduate degrees or to consider employment 
at the national laboratories. These arrangements are attractive to 
the Laboratory. 

I believe it is the national laboratories are key players in America's 
efforts to improve its scientific competitiveness. Our emphasis on 
fundamental research requires advanced degrees: over 50% of ORNL's 
research staff have doctoral degrees. We recruit across the nation 
for our professional and research staff and rely on local markets for 
other Job categories. We are now feeling the effect of the shortfall 
in selected areas. Environmental and chemical engineers and 
materials scientists with advanced degrees are in short supply. I 
attribute this to the significant financial opportunities available to 
people with a bachelor's degree. There is little incentive to attend 
graduate school and obtain a doctorate when you can earn almost as 
much, and start earning it five years earlier, entering the workforce 
after your senior year. The shortage is also severe in other 
disciplines. The nationwide emphasis on radiation protection and 
industrial hygiene places qualified individuals with these 
backgrounds in great demand. Health physicists are essential for our 
work with radiation sources and we constantly searching the 
marketplace for individuals that arw> the very best in this field. Yet 
during a recent survey of ORNL, we had to request support from other 

3 



ERLC 



/ 



70 

DOE facilities for the loan of several health physicists. Recruitment 
in some disciplines is difficult, and hiring qualified women and 
minorities, the logical source of new scientists and engineers, is 
even tougher. 

In the years ahead, ii is easy to predict that the competition for the 
top graduates will increase. As in most bidding wars, the wealthy 
and prestigious institutions will be the winners and the losers will 
be the other research centers. Unless alternatives are found to 
increase the number of qualified graduates, there will be fewer of 
them in industry, research, and education. Our nation's immediate 
competitive position, as represented by industrial needs, will 
suffer. Our long-term growth prospects will also suffer, as 
represented by education and research. If fewer scientists and 
engineers are on the staff of universities, future growth of qualified 
personnel will not be easily accommodated. 

If Department of Energy facilities continue under their present 
budgetary stringencies, I am not sure of the extent of the immediate 
impact of the decline in availability of scientists and engineers 
because I am not sure the full effect would be felt at ORNL. This 
past year we narrowly avoided a layoff of scientists because of 
unanticipated costs associated with waste management. ORNL was 
able to transfer these scientists from their specialities to other 
areas where increased staff levels could be used. The Laboratory's 
overhead rate has risen dramatically to cover increased 
environmental charges that were not anticipated in the budget. 
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Budgetary considerations are affecting our competitiveness more 
than a shortage of scientific manpower. When we are in a state of 
declining research budgets^the cutting of research subcontracts is 
considered along with other options> ORNL currently has 
approximately $20 million of subcontracts and procurements with 
100 universities. While ORNL values these connections, we 
recognize there may be little alternative to our actions. Increased 
budgets for research will allow the university- laboratory 
connection to be expanded. 

In a 1988 study, the Department of Energy's Energy Research 
Advisory Board reported ( Science and Engine ering Education, report 
DOE/S-0065) on the Department's role in meeting its future 
manpower needs. The Board found that the Department has a 
continuing, critical requirement for a broad spectrum of highly 
educated and trained scientists, engineers, and technicians. They 
recommended that DOE continue and strengthen its role in the 
education and training of these human resources. In this context, 
the Board found that DOE has established a clear leadership role in 
graduate and postgraduate education in many fields of science and 
engineering related to its primary mission in energy research and 
development. They also founa that this program makes a great 
contribution to other science-based, high- technology industries so 
vital to our nation's economic strength, and especially to our 
international competitiveness. The Board further noted that DOE'S 
greatest contribution to science and engineering education is in 
supporting research in the universities, and in bringing the 
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university ^r^^fessors and students into close working rt^iationship 
with the DOE laboratories and energy-industry professicnals. 

ORNL and the Department of Energy have a strong commitmeni to 
science education and educational outreach activities that will 
impact the supply of the future technological workforce. About 
1,000 college and university students and faculty from throughout 
the nation visit ORNL annually. In addition to university interactions 
a significant number of precollege participants also visit the 
Laboratory for various "hands-on" research experiences. During the 
past few years, ORNL's involvement and commitment to science 
education and educational outreach has continued to expand, and now 
is developing a plan for a Science Education Center. This plan, 
encompassing all facets of the DOE-supported University-Laboratory 
Cooperative Program, provides an integrated focus for program 
development at all levels from precollege (K-12) students and 
teachers through students at the undergraduate, graduate, and 
postdoctoral levels and college and university faculty. The 
document reflects new emphases and initiatives from the DOE- 
sponsored Math/Science Education Action Conference convened in 
October 1989 by Secretary Watkins in Berkeley, California. It also 
incorporates and expands the Laboratory's strong continuing 
emphasis on increasing opportunities in science, engineering, and 
mathematics for women and minorities as well as people with 
disabilities. 
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Two new proposals were recently developed to strengthen and 
provide greater continuity In the Science Education Center activity 
at ORNL. One of these initiatives would increase the opportunities 
for informal science instruction and for science and engineering 
career counseling available to young women of junior and senior high 
age. The second would fill a "gap" that exists in opportunities for 
young people to maintain contact with DOE laboratories during a 
critical period of their development. This is during the first two 
years of undergraduate study. It would provide a continuing avenue 
for summer research participation for students who, as secondary 
students, have participated in the DOE High School Science Honors 
Workshop, Project SEED, or special honors study opportunities and 
who later as college juniors and seniors will be candidates for the 
Science and Engineering Research Semester, Undergraduate Research 
Training, and Professional Internship programs. 

The Department of Energy recognizes the important role that 
minorities have in the future competitiveness of the United States. 
To this end, ORNL continues to expand program interactions with 
Minority Educational Institutions (MEls), The main thrust of the 
program is to develop opportunities through internal and external 
interactions. Internally the program emphasizes communication of 
Energy Systems' MEI program objectives; externally, attempts are 
made to encourage MEI participation in research through workshops, 
established contact networks, mutual visitations, and professional 
assistance. Program activities and initiatives are underway with a 
number of institutions toward the overall goal of increasing the 
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number of scientists and engineers to help contribute to the 
manpower needs projected for the future. 

The Memorandum of Understanding (MOU) with the University of 
Puerto Rico (UPR) established in FY 1988 continues to be a highlight 
toward increased interactions with Hispanic institutions. During 
FY 1989 this Memorandum provided a mechanism to support eight 
faculty and stuoents to conduct research in various ORNL divisions. 
Also while subcontract activities are not funded through the 
Memorandum, subcontract activity through ORNL divisions also 
provides another mechanism for collaboration. 

Also in FY 1989 as a part of the Historic Memorandum of 
Understanding and Intent, forming support for the DOE/OER Science 
and Technology Alliance, ORNL established a subcontract with North 
Carolina A&T State University (NCA&TSU). NCA&TSU, New Mexico 
Highlands University, and the Ana G, Mendez Educational Foundation 
along with ORNL, the Sandia and Los Alamos National Labs make up 
the Alliance whose intent is to develop a sustained program with the 
combined efforts of the participating institutions, to increase the 
representation of Blacks, American Indians and Hispanics in the 
scientific and engineering programs of the U.S. Department of 
energy. ORNL established an initial subcontract with NCA&TSU in 
the amount of $372K for program administration, faculty 
development, student development, curricula development and other 
direct/indirect components as needed. While ORNL selected 
NCA&TSU as its prime contact, other activitgie?^ will also be ongoing 
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with the other Alliance Educational Institutions, which included 
assistance to New Mexico Highlands University in the establishment 
of an R&D library in support of a planned program in technology. 
ORNL will donate books and magazines totalling over $17K, Also. 
ORNL is assisting the Ana G. Mendez Educational Foundation in the 
establishment of a five-year plan for the Computer Center. ORNL is 
providing a staff member to consult with the Mendez Foundation in 
the creation of the operating plan for the Center, 

Another component of the Historic Science and Technology Alliance 
is a collaboration between the ORNL Metals and Ceramics Division 
and NCA&TSU in the development of a sustained program, with the 
combined efforts of the participating groups, in the materials 
engineering programs of NCA&TSU. Interaction between NCA&TSU 
and the Metals and Ceramics Division dates back several years 
through collaborative research subcontracts totalling more than 
$1.5M. These research projects are credited with aiding several 
minority students to obtain graduate degrees in mechanical 
engineering. This collaboration has also led to the inclusion of 
NCA&TSU as a partner along with the Metals and Ceramics Division, 
the University of Dayton, and the National Bureau of Standards in a 
DOb-sponsored research program on the study of ceramic technology 
for advanced heat engines. 

Efforts have been successful during the period to extend university 
subcontracts beyond the traditional ORNL R&D base. Ihese efforts 
include interactions with Winston-Salem State University in mass 
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communications, Coppin State College in contracts management, and 
North Carolina A&T State University in technical editing. This has 
proven particularly useful in support of institutions who don't have 
R&D capabilities to support DOE/ORNL missions. The total estimated 
dollars committed to Higher Education Institutions for the first half 
of FY 1990 is $8 million. The total commitments to MEIs for Energy 
Systems is $1 million which included $0.gM for ORNL. 

ORNL is also a member of the National Consortium for Graduate 
Degrees for Minorities in Engineering (GEM) GEM is a consortium of 
universities and industry, both private and federally-formed, to help 
increase the pool of minorities receiving graduate degrees in 
engineering. GEM has a graduate rate of 86% of those who enroll in 
graduate school. ORNL will sponsor two graduate students in a 
semester research experience during FY 1990 and FY 1991. 

By reaching teachers whc are in daily contact with young students, 
it is possible to excite their interest in science at an early age. 
Students interest in science has been shown to drop during the 
latter portion of elementary school, Many are "turned off" by science 
at an even earlier age. Teachers must be a vital connection in any 
national program to increase the science and technology abilities of 
the United States. 

The joint ORNL/Oak Ridge Associated Universities Project SMART 
(Science/Math Action for Revitalized Teaching) was initiated in 
partnership with administrators and teachers of the two 
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participating Tennessee school systems-Roane County and 
Chattanooga along wi^h the State of Tennessee and private industry. 
The goal is to strengthen science and math teaching capabilities in 
these two selected systems that serve primarily economically 
disadvantaged and minority student populations, respectively. This 
will be done through joint planning by teacher teams at all levels 
within each system, by special opportunities for summer teacher 
research participation, and by providing access to Oak Ridge 
resources-both tochnicai staff members and equipment--to assist 
in curriculum development and educational enrichment activities. 

ORNL is serving as the lead Laboratory in a partnership with five 
other national laboratories, Los Alamos. Lawrence Live^more, 
Pacific Northwest, Argonne and Fermi National Accelerator 
Laboratory, and Oak Ridge Associated Universities in a 
multidisciplinary training program for teachers in grades K-8. 
Education and networking are key components of this initiative. The 
progrann is expected to serve over 400 teachers in a 3-year period 
involving "hands-on" activities that will impact conventional 
science curricula. 

ORNL's base program in the precollege area» the Ecological and 
Physical Sciences Study Center, during the past fall semester 
passed the 20,000 mark in the number of students and adults served 
during its first five years of operation. Twenty-two (22) field and 
laboratory study units now are offered on a year-round basis. 

1 1 
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ORNL also participating with the local school system in an effort 
to help it recruit and retain quality minority teachers by providing 
the opportunity for summer employment. This relatively new 
program, Summer Teachers As Resources (STAR), differs from other 
teacher programs in that participants are drawn fronn all academic 
levels and disciplines. 

ORNl during the 1989-90 academic year supported establishment 
and initial operation of the 130-acre environmental study center and 
Wildlife sanctuary being developed by three area school systems- 
Oak Ridge. Clinton, and Anderson County-through the Clinch River 
Environmental Studies Organization (CRESO), Among the 
accomplishments have been: arrangements for (and installation of) 
an on-line NOAA Atmospheric Turbulence and Diffusion Laboratory 
meteorological reporting station at the site; assignment of a DOE 
Teacher Research Associate (DOE-TRAC) to work full-time during 
the Summer ol 1990 on site survey activities and development of 
curriculum packages and resource kits for class use; and assistance 
m the organization and conduct of two teacher orientation 
workshops. 

Special educational oulreach activities centered on the new 
•^Science-by-Mail" tutorial assistance program, the PALS (Partners 
at the Laboratory in Science) "adopt-a-school" network, and ORNL's 
Ecological and Physical Sciences Study Center were carried out as 
part of local efforts in rupport of National Engineers Week and this 
spnng's planned National Science and Techr.jlogy Week observance. 
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These activities linked the Laboratory's precollege program, local 
professional societies, and the East Tennessee Discovery Center. 
They involve both elementary and secondary students in area schools 
as well as adults. A special conference was held for undergraduate 
women on graduate study and career opportunities in science and 
engineering The keynote speaker for this conference was NASA 
Astronaut, Dr. Shannon Lucid, a biochemist. Dr. Lucid served as a 
mission specialist on the crew of the space shuttle Discovery tn 
June 1985, and the Atlantis in October 1989. 

Under the partnership agreement with the Oak Ridge Schools, the 
first three after-school "Science Seminars for Students" led by ORNL 
research staff members were offered.for junior high and high school 
students. 

The Council on Research and Technology presented its ideas in its 
1989 report Meeting tha neftris of a grnwing economy: the CORFTFCH 
aganHa for the scientific and technicpJ workforce. They recommend 
increasing federal financial support for both graduate and 
undergraduate education. In part, this involves grants to graduate 
students at a monetary level that can serve as a counter-incentive 
to substantial industry salaries. CORETECH also recommends that 
academic research facilities and instrumentation be modernized. I 
concur with both of these recommendations. From my experience at 
Oak Pidge Nationai Laboratory, 1 am aware of the need to constantly 
upgrade the infrastructure of a facility. The phrase "penny wise and 
pound foolish" is certainly appropriate when you don't have the funds 
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to perform periodic maintenance and repair. Delays in updating 
facilities and equipment, in the long run, can only result in loss of 
competitiveness. 

On an individual basis, each of our organizations must take the 
initiative in solving the shortfall in the kinds of skilled people we 
will need. Particular attention must be given to women and 
minorities. We must enhance our interactions with high schools, 
colleges and universities. In February 1990, President Bush, 
Secretary Watkins, and Secretary Cavazos visited The University of 
Tennessee at Knoxville. While he was there, it was announced that 
contributions of $1 million each will come from the state of 
Tennessee, Martin Marietta Corporation (the operating contractor of 
Oak Ridge National Laboratory for the Department of Energy), and the 
Department of Energy to establish a Summer School of the South for 
Science and Mathematics for precollege students. An Academy for 
Teachers of Science and Mathematics will also be established as 
part of this program. It will be an advanced training ground for 200 
of the region*s most outstanding teachers. This overall UT/ORNL 
initiative will also explore and implement alternate paths for 
certification of science and engineering professionals who wish to 
enter teaching as well as provide summer laboratory research 
experience for science education majors as part of their 
undergraduate and/or graduate-level academic preparation for 
teaching careers. 
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At last week's first meeting of the Secretary's Advisory Board. 
Secretary Watkins reiterated his commitment to education. The 
recently issued Int r rim R - nrt - N''^'""^' 

DOE/S-0006P) states that implementation of a National Energy 
Strategy requires two types of educated people. Professionals and 
technicians with excellent mathematical and scientific skills are 
needed to carry out energy-related njsearch and technology 
development. Similarly, it is vital that a gene-al public be 
scientifically and technically literate to make well-reasoned 
decisions about national energy options. The report identified 
obstacles and options in precollega education, teacher training, 
underrepresented groups, university research and instruction, and 
the scientific and technical literacy of the public. 

Direct interactions with colleges arid universities are only part of 
the answer. Apprenticeship programs and technical training 
programs for skilled workers should be strengthened. Internal 
training and education can bo enhanced and opportunities for 
advanced degrees might be increased through liberalization of 
educational allowances. 

For many years, educators have decried the lack of parental 
involvement in education. Our schools are working diligently to 
eliminate the "hands-off attitude held by too many parents by 
seeking input and attempting to involve parents in more decision- 
making. In the sama way. our organizations must create the proper 
environment in research and development and other technical 
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activities that will be "appropriate" for the changing work force. An 
analysis of management styles and organizational values must be 
.r.ciuded in any strategy for recruiting and retaining women and 
mmorities. Cafeteria-style benefit plans may be appropriate to 
deliver the benefits to a socially and culturally diverse work force. 
Perhaps ORNL needs a day-care center, like Brookhaven National 
Laboratory and the Forrestal Duilding of the Departme.it of Energy. 

Science and technology are playing an increasing role in economic 
development, both in the United States and elsewhere '.n the world. 
Robert Solow of MIT, the 1987 Nobel Prize winner in economics, has 
studied the economic impact of science. In an interview, he has 
stated, "What I got interested in was the question of what makes a 
modern industrial economy grow...w© owe it all to the growth of 
science and technology." This comment reflects the important role 
science and technology has in our economic well-being. Solow 
demonstrated that only a small portion of annual growth could be 
explained by increases in labor and capital. The key factor v^as 
always technology. If technology is the engine for increased 
•economic growth, then education is certainly the fuel for the engine. 



,6 



8:{ 

Senator Gore. Well, very good. Thank you. You were talking 
about the media there. Do you think we wiU see the day^ when in 
addition to *'L.A. Law** we will have **Los Alamos Physics"? 

Dr. Trivelpiece. I have often thought that what would be the 
right way to do this— the science programs that are done by 
"Nova", and so on, are first-class. They have about 11 million 
watchers. If it is a lousy program they have lO.f). If it is a great 
program they have 11.1. But by and large, that audience is stable. 
They will watch it come whatever. 

What is needed, I think somebody like Bill Cosby needs to have a 
cousin of his show up periodically, be in the show, be attending a 
local institution and bring science in in a natural way. In other 
words, instead of trying to create programs that are science-inten- 
sive programs, get one of the popular programs to incorporate some 
element of science into it in a natural and human way, not in the 
way that it is the mad scientist, the Saturday-morning-cartoon sci- 
entist. Incidentally, pictures like that drawn by children in the 
Soviet Union show people being picked up at dachas or being 
picked up in limousines. 

Senator Gore. Is that right? I remember Mr. Wizard. What is he 
doing these days? 

Dr. Trivelpiece. Somebody else will have to answer that one. 

Senator Gore. All right. . 

I asked Eric Bloch about the projections, and you said. Dr. Atkm- 
son, you would say it is 100-1 that the projected problem is ri^^ht 
on the money, or is going to be a real problem. Do the other two 
witnesses on this panel agree that it is a pretty certain thing? 

Dr. Atkinson. I did not say that these projections will be real- 
ized, but I think there are a lot of forces at work— market forces, 
perestroika, the vNhole range- but there is goin^' to be a major 
shortfall. . 

Senator Gork. If current policies are not changed, the odds in 
vour view are 100-1 that we will experience a major shortfall in 
the i:amber of science, scientists and engineers that we need begin- 
ning half-way through this decade and becoming even more tcM-ious 
by the turn of the century. 

' Dr. Atkinson. Even if wo are very active in intervening, ^ve are 
going to experience a major shortfall. 

Senator Gork. Dr. Shalala. 

Dr. Shalala. We also know a lot about the behavior of our own 
scientists and when they are going to retire. For example. Wiscon- 
sin uncapped the retirement age on faculty in li)S4. so we are the 
oiwy vState that actually has gone through the experience. The re- 
tirement age has not changed in that period. 

Senator Gork. Oh, is that right? So a lot of universitie.s around 
the country are wondering what thi.s change in the national law 
will mean, but your experience has been that the retirement age 
does not change that much? 

Dr. Shalala. It stayed at about (if). ThiMV has been no significant 
change in ihv retirement age. We are going to lose— we are going 
to have to replace half our faculty over the next ten years. About 
()0 percent of those will actually retire and 40 percent will go some 
place else, so we have some feel for who is going to !*t»tirt». who we 
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are Koing to have to replace, and how many Ph.Ds we are produc- 
ing ourselves. 

We have produced the second highest number of Ph.Ds last year. 
Berkeley was first, and the tiumber of Ph.Ds that are being pro- 
duced is not increasing significantly in this country, so we have 
some sense, at least in terms of the teaching ranks, what is hap- 
pening out there and a pretty good sense of the behavior of the fac- 
ulty in terms of retirement now. 

Senator Gore. All right. Did you want to add something, doctor? 

Dr. Trivklpiece. Well, at 100-1 odds, I will bet on Ben Hur to 
lose. But I think it is clear the direction is exactly right. It is a 
problem. Making such forecasts, however, are based on the assump- 
tion that there are no changes in the current circumstances in 
which the assumption is made, and those things change very, very 
rapidly. 

I remember that there was a shortfall of funding for scientists 
and engineers at the tail-end of the Nixon Administration, and I 
know that many fellowships were cut off during that period. That 
was an inci'edible sense of poor timing, in that they were shut off 
just at exactly the time such that if you had continued them they 
would have been mcetiiig a future demand. 

The roller coaster effect is very serious, so what I would put into 
this is the need for continuity, stability and predictability on the 
basis of academic institutions and laboratories for funding. The 
roller coaster effect is a very serious negative issue, and it does 
occur all the time. 

Senator Gore. Now, on another subject, I asked Mr. Bloch about 
how he might spend extra money as between different levels of th(* 
educational pipeline, and he emphasized pre-coMege and graduate 
education. Am I cori'ect in assuming that at least two members of 
this panel would apportion the funding diffei'ently? 

Dr. Atkinson. Mr. Chairman. I would not even answer a ques- 
tion like that. I mean, this is a Government ^ i o issue. We have 
tremendous shortfalls in our support for science. You heard some 
rem:uks about the individual inve.stigatur We have tremendous 
prubif'ins at the K through 12. The gr^.duate education issue I 
ihiiik is a disaster. 

I think OIK* needs, which you suggested the President's people 
.should he putting together, a {)lan, and how you would spend $11)0 
million, I would not— I mean, I hate to tell you this, but that would 
buy on niy campus about two engineering buildings and it is hardly 
woi'th discu.ssing at the nalioiuil level. 

Senator CJork. You do not want it either. Dr. Shalala? 

Dr. Shalala. No, 1 will take it. I think that if I was going to 
target it I certainly wouid focus on women and minorities, but 
again the pipeline problem. If you thi'ow it into pre-college and you 
do not have all the other pieces in place, it will not have the kind 
of impact that you want to have, and while it is true we could 
create some demand just by putting in graduate fellowships, 1 
think all of us are wary about misleading any ol'you that if you we 
it in one place it is going to sti*aighten out the problem along the 
pipeline, and that is our real concern. 

Senator Gokk. Dr. Trivelpiece. 




Dr. Trivelpieck. I would like to comment. There is a distinction 
between technology push and technology pull. Quite frequently, 
technology push misses the point in that it tends to try to push on 
something that is not necessarily wanted. Technology pull quite 
frequently works more effectively. 

I would ask you to keep in mind that particular kind of an idea 
in this circumstance in that funding of activities that create pull 
towards scientific activities may be more effective In the long run 
than simply trying to get at the bottom end and push. 

Dr. Shalala mentioned the issue of the Hubble telescope and 
their involvement in it. I have seen many projects of that sort 
cause graduates and undergraduates to become instantly interested 
in them and want to become involved. Many of my own students 
over the years said that I visited such and such a facility and I 
knew right then what I wanted to do for the rest of my life. They 
do have a very interesting effect on inspiring people. So if that ele- 
ment of funding of pull, rather than push could be taken into ac- 
count, I think some benefit would be gained. 

Senator Gore. I really agree with that, and I have made that ar- 
gument in support of the National Research and Education Net- 
work, the information superhighway network which will link ad- 
vanced computing facilities around the country, and I know. Dr. 
Atkinson, you have some concerns which we are not going to really 
have time to get into today, about ways in which universities can 
wire with fiberoptic cables to take full advantage of the network 
that we are going to build, but 1 do believe very strongly that this 
network, once in place, will pull students towards science and engi- 
neering in a very powerful way. 

Let me just ask a couple more questions briefly before recogniz- 
ing Senator Kasten. First of all, do you all agree with what I just 
said about the ability of this network to pull students toward sci- 
ence and engineering? 

Dr. Trivelpikce. I certainly do. and it sends a message. There are 
two kinds of messages. One "is that we believe that students ought 
to pursue careers in mathematics and computers, and by the way 
here is an abacus, or, we believe they should pursue it, and by the 
way, here is a world-class means by which they can do so. The dif- 
ference between those two messages is something that tho very 
bright students capture very easily atid accurately. 

Dr. AtKiNiON. I agree totally. Tthink it is a very important initi- 
ative, and from another perspective I think it is going to have a 
tremendous impact on our competitiveness in terms of developing 
new technologies. This is one nlace where, if we wanted to talk 
about a technology policy, putting money into a network like this 
would have tremendous \spin-off effects in terms of our ability to 
create new companies, new activities in the nonacademic sector. 

Dr. Shalala, I agree with that, too, and it is a perfect role for 
ihf-' National Government. 

Senator Gore. Well, great. I certainly, of course, agree with that, 
and this Committee on a bipartisan basis reported the bill out — 
indeed, unanimously. 

What kind of library resource's ;ind databases would you recom- 
mend making available to students over such a nt^work, and how 
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could we accelerate the development of new learning technologies 
to take advantage of this network? 

Dr. Trivelpiece. It is a one-word answer*: everything. 

Senator Gore. Everything. All right. 

Senator Kasten. 

Senator Kasten, Mr, Chairman, thank you. 

Let me ask Dr. Shalala, but I would be interested in the others 
comments as well, we are seeing the number of Ph.D.s declining. A 
recent NSF study noted that a possible reason is the time that doc- 
torate candidates seem to take to obtain a degree. 

In the last 25 years graduate students have been taking roughly 
three years longer than in the period before 19()7 to get certain sci- 
entific Ph,D,s, I do not know if this has anything to do with your 
risk/ reward, but it is going to take them three years longer to get 
to where they are going. 

What is going on? Is the reason for the increased time tiie in- 
creased body of knowledge, or are we seeing people going to school 
part-time? Or are we seeing people deciding to spend part of their 
time in something other than directly working toward th^^r Ph.D.? 
Why is it taking three years longer? And should this be of interest 
to this committee and to our society as we are dealing with some of 
the questions that you are wrestling with this morning? 

And let me start with Donna Shalala, but I would be interested 
in all of your comments. 

Dr. Shalala. I think, Senator, it is all of the above. If we 
switched basically from fellowships and traineeships directly to re- 
search projects the chances are the students are working a certain 
number of hours and that probably is stretchitig out some of their 
scientific training. 

We also do have an expanded body of knowledge. /\nd that has 
somewhat slowed down in certain fields the timing, in terms of 
how people are fmishing their degrees. So that it is a combination 
of factors on how long it is taking students to finish their degrees. I 
should point out, for undergraduates, too, it is taking them longer 
to finish their degrees. Some of that is related to working, and 
some of that is related to students coming back a little older. 

But my sense of what is happening here is really the pipeline 
does not have the level of financial support which is as focused, 
and that students are working longer on research projects, and 
therefore it is taking them some time to get their degrees. 

But Dick also has a group of scientists at his place. 

Dr. Atkinson. Well. I think it is all of those factors and the un- 
certainty of funding is part of it. But in my more extended remarks 
in discussing a fellowship/traineeship program, I would put re- 
quirements on the university that would ensure an iticreasing 
nuniber of Ph.D.s are produced. And I believe in most fields of sci- 
ence — in all fields of science, one should complete the degree be- 
tween four and five years. I think there liave to be very peculiar 
reasons to justify going beyond five years. And univ(M'sities, for lots 
of reasons, probably have been too lax. 

Senator Kastkn. But why is this happening'.* I ineati a law school 
degree still takes three years. 

Dr. Atkinson. A medical degree is four years. 
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Senator Kasten. An MBA is still two years. And it seems like 
the Ph.D.s., particularly in math and science, but also—what is 
going on here? 

Dr. Atkinson, The funding is very uncertain for students. It is 
very hard for us to put packages of funds together to guarantee a 
student four years of support. After Sputnik, when a student en- 
tered graduate school there was a four-year program of support 
available. 

Today, particularly with all the problems that we have, it is very 
hard to put together funding programs so students can start. They 
have to get involved in additional research projects. They have to 
do things to su* ooit themselves, Plus> the universities have been 
under strain in terms of maintaining their research programs, and 
it is very convenient to hold a student on, to have him there to par- 
ticipate in the research programs. 

And frankly put, the job market has been a little ,soft through 
the IDSOs and will continue to be a little soft for a couple of more 
years. And all of these factors have made us a little lax, 

I think the universities are somewhat at fault here. 

Senator Kasten, Dr, Trivelpiece. 

Dr. Trivelpiece. My graduate adviser at one stage told me that, 
look, you are big boy, you have got to find your own problem to 
work on. That is a--the hard sciences in particular, it i,s a degree 
in being able to do intercollegiate competitive research. There is 
not this prescribed set of things that you can do. 

You can check off two languages, then two orals, or an oral and 
an examine. Ultimately you have to do a thesis and that has an 
indeterminate time factor built into it in order to do a piece of 
credible research, report it, and get it, out. 

There are some institutions, and my own, Caltech, was one in 
which it still is true, in which there is a finite limit on the amount 
of time you can spend working toward a Ph.D, and it is IS quar- 
ters of registration after your B,S. degree. If you have not done it 
by then, it takes some fairly fancy pleading in order to be able to 
continue. 

The object is to get people in and to get them out. I think that 
other academic institutions cou.d profit by that type of a more 
rigid format of getting people through the system on a mechanical 
limit basis. 

Dr. Shai.ala. Senator, one of the reasons that we say all of the 
above is that many of us have not focused as much on the science 
Ph.D.s, because they seem to get through fairly quickly. When you 
look in the humanities and in some of the other disciplines, you are 
talking about really long spans, because there is no funding there. 

I think the science one, we are going to do something about, par- 
ticularly as the market opens up, because the pressure will be on 
us to push them out, and also to get larger numbers of people to 
fill that market. And as the funding gets more secure, wherever we 
are able to put together those four-year packages, wt» get oui' stu- 
dents through and out. It is where it is uncertiiin funding that th(» 
students have to spread out their time a tittle hit. 

But when we are dealing witli a couple of years, we are i*eally 
able to deal with that. 
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Senator Kasten. It would seem to me that someone starting a 
program wants to have a beginning, a middle and an end. And 
whoever is administering the program ought to be able to have a 
beginning, a middle and an end also. And whether it is IS quarters, 
that sounds like a long time to me, but maybe that is not a long 
time in the business that you are all in. 

Dr. Trivelpiece. It goes by with the speed of light. 

Dr. Shalala. Yes. 

Senator Kasten, But we have not had this kind of expansion, if 
you will, in other graduate degrees, at least that I am aware of, 
particularly business school and law school. People are trying to 
get through and get to work. Now, maybe the Ph.D. students are 
not trying to get to work because they are going to end up 

Dr. Trivelpiece. They are in a prescribed program. 

Dr. Shalala. They are basically doing course wc^rk in those pro- 
grams, not producing a major piece of research for a dissertation. 
And often our students, as part of a team, are producing that piece 
of research. 

Dr. Atkinson. Well, I agree with both of the remarks on the 
problems of doing research and completing it in a timely way. But 
I will assure you that if you mounted a fellowship program where 
you said the money was contingent on a five-year Ph.D., we would 
be producing people in five years of great quality. 

Dr. Trivelpiece. Guaranteed. 

Senator Kasten. Yes. I would guess you are right. 

Dr. Atkinson, I am trying to figure out, how your page 21a chart 
compares with the charts that we hi;ve got from the National Sci- 
ence Foundation. 

Dr. Atkinson. Yes. Which one is that? 

Senator Kasten. Your 2\i\ chart showing research fellowships 
and assistantships, talking about federally supported student sti- 
pends at the doctoral leveL and showing how that is going dowii. 
And then you take the National Science Foundation chart, which 
is on the second page of the National Science Foundation handout 
on education and human resources. 

And if you take our blue category, which is funding for "gradu- 
ate and others," you see that amount increasing dramatically, not 
only the overall amount — in li^So it was $K^T n'iillion. and we are 
now at million. I cannot read exactly how much the blue has 
increased, but I can ^vv that it is about four times what it was in 
li)Sr). How does that match up with your chart on 21a? All I can 
see is that we have increased spending on graduate and otlier pro- 
grams but what we have nut done is inci-ea^ed spending on fedei'al- 
ly supported student stipends at the doctoral level, which is your 
chart 21a. 

What are we spending these increased federal graduate funds 
on? And why do not the charts match? 

Dr, Atkinson. Senator, let me just comment a little on the 21a 
chart. You will note that the black area is research assistantships, 
and NSF might bo— I mean I do not know the breakdown of the 
figures, but you can see that has gone from about 20. ()()'> way up to 
about almost close to 40, ()()() fellowships. Those are numbers. 

So as we have cut back dramatically in fellowships iind trainee- 
s'lips acrcjss the government, there ha.* been a corres{H)!iding in- 
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crease in research assistantships but not nearly enough to make up 
for the changeover. So we have gone from a total of supporting 
about 80,000 graduate students a year on fellowships, traineeships 
and assistantships, down to about 45,000 or 46,000. 

Senator Kasten. I am trying to figure out where is this money 
going? 

Senator Gore. Would my colleague yield for a moment? 
Senator Kasten. Yes. 

Senator Gore. I think that one reason the charts do not match 
up is they start at a very different point in history. The colored 
graph provided by Mr. Bloch begins in fiscal year 1982, if I am 
looking at the same one. 

Senator Kasten. This is 1982 and this is 1969. 

Senator Gore. Yes. And this starts in 1969. There was, if I am 
not mistaken, a fairly dramatic falloff from the late 19G0s to the 
1980s, so that it is possible that this graph, if it had the 1960s and 
1970s in there, would have had a down slope before it comes back 
up. 

I know that after Sputnik and then at the beginnmg of the moon 
program there was a significant increase in the amount of funding. 
So that may be the explanation for a lot of the discrepancy *here. 

Dr. Triveumece. I cannot comment specifically on the numbers, 
but I would like to comment on the issue, which was that I was 
doing research in a university during this period and had graduate 
students working for me, and there were those that you tried to get 
who had a fellowship attached to them— they had won a competi- 
tive fellowship. If you could get them to join your program they es- 
sentially came into your activity as a freebie. 

On the other hand, you had a certain amount of assistantship 
money of your own and you would go out and try to recruit good 
students from within your own academic institution to join your 
particular research activities. 

What I have watched happen and what I think that Dick is 
tryiiig to get at is that there was a reduction in the number of the 
freestanding fellowships during that period. And I think that that 
is unhealthy. There really should be leading students who have in 
their hand a fellowship that permits them to go with any faculty 
member at anv academic institution. That benefits the system 
greatly. They should not be 100 percent that way, but the percent- 
age that have that capability now is far too low. 

Dr. Shalala. Senator, let me give you the numbers for Wiscon- 
sin. In 19S0 we had 9S1 fellowships and NIH traineeships In 19S9 
we had S7S. That is a decline of 10 percent. In terms of the number 
of graduate students on research projects, in 1!)S() we had 2,227, 
and in 19S9 we had 2,^' 15, and that is an increase of almost 21) per- 
cei . 

So that what has happened is that we have increased the 
number of students that are working on research projects, and do- 
creased the number that are on traineeships and fellowships. 

Now that, in part, has played a role in lengthening the Ume. 

Senator Ka.stkn. And that is consistent with this chart? 

Dr. Shalala. Yes. that is right. 

Senator Kastkn. Well, what I would like to suggest. Mr. Vhiur- 
man* is maybe we ought to fill in these years between 19M) and 
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1969, and if it is in fact a dip, maybe the last three or four years 
we have been working our way back up, I am not sure. 

Dr. Atkinson. Not in terms of the fellowships and traineeships, 
but possibly in terms of research assistantships. 

Senator Hasten. In terms of research assistantships it has been 
going up. But we ought to look at the whole and see if there is in 
fact a kind of a U-shape here in which we are on our way back up, 
and that would be helpful. 

Dr. Shalala. You see, it is hard to read, Senator, whether that is 
having an impact on the number of years or on the funding. Those 
research assistantships could be only two-year commiti.nents or 
three-year commitments, as opposed to the fellowships ai-^d the 
traineeships that might buy the whole period of time of someone s 
tra\ning. So it is a mixed bag here in terms of whether we have 
actually gotten more secure as a result of the decline in fellowships 
and assistantships. 

Senator Kasten. Well, I guess what I am su«;gesting is that we 
ought to look at the priorities. And I agree with everything that 
you all have said and the witness before, but at the same time I 
look at a chart going Crom $187 million in to $4(53 million in 
1991. Maybe ^omehowlwith these dramatic increases we are not 
putting the money in tne places that you are saying it needs to go. 

And that is what I am trying to reconcile. 

I thank you, Mr. Chairman. 

Senator Gore. Without objection, we will adopt your recommen- 
dation, Senator Kasten, and ask the National Science F'oundation 
to fill in these numbers going all the way back to 19()!). I believe it 
will show that there was a tremendous dip and that we are now 
recovering. And in fact, I think with some certainty that in 1981 
there was a cliff, the edge of which funding fell off, and that we are 
steadily recovering from that. 

I have just been informed that we have a series of votes that will 
begin any moment now. 

Your statements have been excellent here today and have helped 
us tremendously in our efforts to understand this problem. 1 want 
to say at the conclusion of this hearing that we intend to continue 
a major focus on this particulai' subject. The other committees are 
interested in solving this problem as well. We intend to comple- 
ment and assist their efforts. But from our standpoint here, we are 
going to continue a major focuy on this. 

And thank you very much for yuur help, all thi-ee ol'you. 

[Whereupon, at 12:1);] p.m.. the hearing was adjourned.] 
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